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PUBLISHER'S NOTICE. 



In presenting a new edition of this work to the public, it is pro- 

Serto point out several very important improvements which have 
een made. 

Dr. Dick of Scotland, so well known both in Europe and in this 
couniry, an the author of the Christian Philosopher, and other 
scientific and popular works, has prepared, expressly for the 
work, an Introduction on the Advantages of the Study of Aitronc- 
my. So far as authority and name can go to give currency to the 
work, and to establish the confidence of teachers in it as a proper 
text book, this simple fact, the publisher flatters himself, furnishes 
every testimonial which can be desired: beside which, the con- 
tributions of Professor Olmsted, of Yale College, cannot but be 
read with extreme interest. 

The work has been thoroughly revised, and the errors of for- 
mer editions corrected: subsequent to which, it has undergone a 
thorough examination from one of our most eminent mathema- 
ticians and astronomers. It will be observed that several new 
Chapters, on the important s\xh]ec\s oi Planetary Motion^ The Phe- 
noviena of Day and Night, The Seasons, The Tides, The Obliquity 
of the Ecliptic, The Precession of the Equinoxes, ^f-c, have been 
added. 

It is only necessary to observe the Atlas, to discover that the 
Plates have been engraved entirely anew, upon steel, and in a 
very superior and beautiful style. The figures of the Constella- 
tions are far more natural and spirited than those of the former 
Atlas. Especially, the characters which represent the stars are 
distinct, so that the pupil can discern, at once, to what class they 
belong. One new plate has been introduced, illustrating to the 
eye, the Relative Magnitudes, Distances, and Positions of the dif- 
ferent bodies which compose the Solar System. This plate the 
teacher will find to be of very important service, and to aid him 
much in his verbal explanations. The arrangement of the Plates 
in the present Atlas, is such, that the teacher and pupil can easily 
place them, in mind, so as to have a distinct view of the entire 
surface of the visible Heavens. 

Such are the principal improvements which have been made 
in the work. They speak for themselves. The publisher knows 
not what could express his satisfaction with the past, or his hopes 
for the future success of the work, better than such improvements. 



PREFACE. 



I HATE long felt the want of a Class Book, which .should be to the 
starry heavens, what Greography is to the earth ; a work that should 
exhibit, by means of appropriate delineations, the scenery of the 
heavens : the various constellations arranged in their order, point 
out and classify the prinbipal stars, according to their magnitudes 
and places, and be accompanied, at the same time, with such fami- 
liar exercises and illustrations, adapted to recitation, as should bring 
it within the pale of popular instruction, and the scope of juvenile 
understandings. 

Such a work I have attempted to supply. I have endeavoured to 
make the descriptions of the stars so familiar, and the instructions 
for finding them so plain, that the most inexperienced should not 
fail to understand them. In accomplishing this, I have relied but 
little upon globes and maps, or books. I very early discovered 
that it was an easy matter to sit down by a celestial ^lobe, and, by 
means of an approved catalogue, and the help of a little graduated 
slip of brass, make out, in detail, a minute description of the stars, 
and discourse quite familiarly of their position, magnitude and ar- 
rangement, and that when all this was done, I had indeed given 
the pupil a few additional facilities for finding those stars upon the 
artificial globe, but which left him, after all, about as ignorant of 
their apparent situation in the heavens, as before. I came, at length, 
to the conclusion, that any description of the stars, to be practically 
useful, must be made from a careful observati6n of the stars them- 
selves, and made at the time of observation. 

To be convinced of this, let any person sit down to a celestial 
^lobe or map, and from this alone, make out a set of instructions, 
m regard to some favourite constellation, and then desire his pupil 
to trace out in the firmament, by means of it, the various stars which 
he has thus described. The pupil will find it little better than a 
fancy sketch. The bearings and distances, and especially, the com- 
parative brightness, and relative positions, will rarel3r he exhibited 
with such accuracy that the young observer will be inspired with 
much confidence in his guide. 

I have demonstrated to rmself^ at least, that the most judicious in- 
structions to put on paper for the guide of the young in this study, 
are those which I have used most successfully, while in a clear eve- 
ning, without any chart but the firmament above, I have pointed 
out, with my finger, to a group of listeners, the various stars whicli 
compose this and that constellation. 

In this way, the teacher will describe the stars as they actually 
appear to the pupil — taking advantage of those obvious and more 
striking features that serve to identify and to distioguish them from 
all others. Now if hese verbal instructions be committed to wri- 
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(Ing and placed in the hands of any other pupil, they will answer 
nearly the same end. This is the method which I have pursued in 
this work. The descriptive part of it, at least, was not composed 
by the light of the sun, principally, nor of a lamp, but by the light 
of the stars themselves. Having fixed upon the most conspicuous 
star, or group of stars, in each constellation, as it passed the meri* 
dian, and with a pencil carefully noted all the identifying circum- 
stances of position, bearing, brightness, number and distance — their 
geometrical allocation, if any, and such other descriptive features 
as seemed most worthy of notice, I then returned to my room to tran- 
scribe and classify these memoranda in their proper order ; repeat- 
ing the same observations at different hours the same evening, and 
on other evenings ai various periods, for a succession of years ; al- 
ways adding such emendations as subsequent observations matured. 
To satisfy myself of the applicability of these descriptions. I have 
given detached portions ol them to different pupils, and sent them 
out to find the stars ; arxd I have generally had the gratification of 
hearing them report, that " every thing was just as I had described 
it." If a pupil found any difficulty in recognizing a star, I re-ex- 
amined the description to see if it could be made better, and when 
I found it susceprible of improvement, it was made on the spot. It 
is not pretendcci, however, that there is not yet much room for im- 
provement ; for whoever undertakes to delineate or describe every 
visible star in the heavens, assumes a task, in the accomplishment 
01 which, he may well claim some indulgence. 

The maps which accompany the work, in the outbnes and ar- 
rangement of the constellations, are essentially the same with those 
of Dr. Wollasion. They are projected upon the same principles 
as maps of Geography, exhibitmg a faithful portraiture of the hea- 
vens for every month, and consequently for every day in the year, 
and do not require to be rectified, for that purpose, like globes. 

They are calculated, in a good measure, to supersede the neces- 
sity of celestial globes in schools, inasmuch as they present a more 
natural view of the heavenly bodies, and as nearly all the problems 
which are peculiar to the celestial globe, and a great number be- 
sides, may DC solved upon them in a very simple and satisfactory 
manner. They may be put into the hands of each individual in a 
class at the same time, but a globe cannot be. The student may 
conveniently hold them before his eye to guide his survey of the 
heavens, but a globe he cannot. There is not a conspicuous star 
in the firmament which a child of ten years may not readily find by 
their aid. Besides, the maps are always right and ready for use, 
•while the globe is to be rectified and turned to a particular meri- 
dian ; and then if it be not held in that position for the time being, 
it is liable to be moved by the merest accident or breath of wind. 

There is another consideration which renders an artificial globe 
of very little avail as an auxiliary for acquiring a knowledge of the 
stars while at school. It is this : — ^the pupil spends one, perhaps 
two weeks, in solving the problems, and admiring the figures on it, 
in which time it has been turned round and round a hundred times ; 
it is then returned safely to its case, and some months afterwards, 
or it may be the next evening, he directs his eye upwards to recog- 
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nize his acquaintaiiee among the stars. He may find himself able 
to recollect the names of the principal stars, and the uncouth forms 
by which the constellations are pictured out j but which of all the 
positions he has placed the glbbe in, is now so present to his mind 
that he is enabled to identify it with any portion of the visible hea- 
vens *? 
He looks in vain to see, 

" Lions and Centaurs, Gorgons, Hydras rise, 
And gods and heroes blaze along the skies.'* 

He finds, in short, that the bare study of the globe is one thing, 
and that of the heavens quite another ; and he arrives at the con- 
clusion, that if he would be profited, both must be studied and com- 
pared together. This, since a class is usually furnished with but 
one globe, is impracticable. In this point of view also, the maps 
are preferable. 

I nave endeavoured to teach the Geography of the heavens in 
nearly the same manner as we teach the Geography of the earth. 
What that does in regard to the history, situation, extent, popula- 
tion and principal cities of the several kingdoms of the earth, I 
have done in regard to the constellations ; and I am persuaded, 
that a knowledge of the one may be as easily obtained, as of the 
other. The systems are similar. It is only necessary to change the 
terms in one, to render them applicable to the other. For this rea- 
son, I have yielded to the preference of the publisher in calling this 
work "Geography of the Heavens," instead of Uranography, or 
some other name more etymologically apposite. 

That a serious contemplation of those stupendous works of the 
Most High, which astronomy imfolds, is calculated above all other 
departments of human knowledge, to enlarge and invigorate the 
powers of religious contemplation, and subserve the interests of ra- 
tional piety, we have the testimony of the most illustrious charac- 
ters that have adorned our race. 

If the work which I now submit, shall have this tendency, I shall 
not have written in vain. Hitherto, the science of the stars has 
been but very superficially studied in our schools, for want of pro- 
per helps. They have continued to gaze npon the visible heavens 
without comprehending what they saw. They have cast a vacant 
eye upon the splendid pages of this vast volume, as children amuse 
themselves with a book which they are unable to read. They have 
caught here and there, as it were a capital letter, or a picture, but 
they have failed to distinguish those smaller characters on which 
the sense of the whole depends. Hence, says an eminent English 
Astronomer, " A comprehensive work on Dzscrvptive Astronomy ^ 
detailing, in a popular manner, all the facts which have been ascer- 
tained respecting the scenery of the heavens, accompanied with a 
variety of striking delineations, accommodated to the capacity of 
youth, is a desideratum." How far this desirable end is accom- 

Slished by the following work, I humbly leave to the public to 
ecide. 
Hartford, Feb. 1833. 
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ADVANTAGES OP THE STUDY OF ASTRONOMY 

BY 

THOMAS DICK, LL.D. 



Astronomy is a science which has, in all ages, engaged the at- 
tention of the poet, the philosopher, and the divine, and been the 
subject of their study and admiration. Kings have descended from 
their thrones to render it homage, and have sometimes enriched it 
with their labours; and humble shepherds, while watching their 
flocks by night, have beheld with rapture the blue vault of heaven, 
with its thou'-and shining orbs movmg in silent grandeur, till the 
morning star announced the approach of day. — The study of this 
science must have been co-evai with the existence of man. For 
there is no rational being who, for the first time, has lifted his eyes 
to the nocturnal sky, and beheld the moon walking in brightness 
among the planetary orbs and the host of stars, but must have been 
struck with awe and admiration at the splendid scene, and its sub- 
lime movements, and excited to anxious inquiries into the nature, 
the motions, and the destinations of those far-distant orbs. Com- 
pared with the splendour, the amplitude, the august motions, and 
the ideas of infinity which the celestial vault presents, the most re- 
splendent terrestrial scenes sink into manity, and appear unworthy 
of being set in competition with the glories of the skj'. 

Independently of the sublimity of its objects, and the pleasure 
arising from their contemplation, Astronomy is a study of vast 
utility, in consequence of its connexion with terrestrial arts and 
sciences, many of which are indebted to the observations and the 

Principles of this science for that degree of perfection to which they 
ave attained. 
Astronomy has been of immense utility to the science of 

GEOGRAPHY; 

for it is chiefly in consequence of celestial observations that th^ 
true figure of the earth has been demonstrated and its density as 
certained. It was from such observations, made on the mountain 
Schehallien in Scotland, that the attraction of mountains was de- 
termined. The observations were made by taking the meridian 
distances of different fixed stars near the zenith, first on the south, 
■ and afterwards on the north side of the hill, when the plumb line of 
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the Sector was foimd, in both cases, to be deflected from the per- 
pendicular towards the mountain ; and, f^om calculations founded 
on the quantity of this deflection, the mean density of the earth was 
ascertained. It was likewise by means of celestial observations 
that the length of a degree of the meridian was measured, and the 
circumference of the globe, with all its other dimensions acciu-ately 
ascertained ; for, to ascertain the number of degrees between any 
two parallels on the Earth's surface, observations must be taken, 
with proper instruments, of the sun or of the stars, at different sta- 
tions ; and the accurate measurement of the terrestrial distance be- 
tween any two stations or parallels, partly depends on astronomical 
observations combined with the principles and operations of Trigo- 
nometry. So that without the aids of this science, the figure and 
density, the circumference and diameter of our terrestrial habita- 
tion, and the relative position of places on its surface, could never 
have been ascertained. 
Astronomy is likewise of great utility to the art of 

NAVIGATION; 

without a certain knowledge of which the mariner could nevei 
have traced his course through pathless oceans to remote regions — 
the globe would never have been circunmavigated, nor an inter- 
course opened between the inhabitants of distant lands. It is of 
essential importance to the navigator, not only to know the situation 
of the port to which he is bound, but also to ascertain with pre- 
cision, on what particular portion of the terraqueous globe he is at 
any time placed — what course he is pursuing — how far he has tra- 
velled from the port at which he emlM9irked — ^what dangerous rocks 
or shoals lie near the line of his course — ^and in what direction he 
must steer, in order to arrive, by the speediest and the safest course, 
to his destined haven. It is only, or cniefly, by astronomical obser- 
vations that such particulars can be determmed. By accurately 
observing the distance between the moon and certain stars, at a 
particular time, he can calculate his distance East or West from a 
given meridian ; and, by taking the meridian altitude of the sun or 
of a star, he can learn his distance from the Equator or from the 
poles of the world. In such observations, a knowledge of the con- 
stellations, of the polestar, and of the general positions of all the 
stars of the first and second magnitude, is of particular importance ; 
and, therefore, a navigator who is unacouamted with the science 
of the heavens, ought never to be appointed to conduct a ship through 
the Indian, the Atlantic, or the Pacific oceans, or through any por- 
tions of the sea which is not within sight of land. By the observa- 
tions founded on astronomical science, which have been made in 
difierent regions, by mariners and travellers of various descriptions, 
the latitudes and longitudes of the principal places on the globe, 
and their various bearing:s and relations have been determined, so 
that we can now lake a view of the world we inhabit in all its mul- 
tifariqus aspects, and direct our course to any quarter of it, either 
for business, for pleasure, or for the promotion of philanthropic ob- 
jects. Thus, Astronomy has likewise become of immense utility 
to Trade and Commerce, in opening up new emporiums tor our 
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mannfactares, in augmenting and multipl3nng the sources of wealth, 
in promoting an intercourse between the most distant nations, and 
enabling us to procure, for our accommodation or luxury, the pro- 
ductions of every climate. If science has now explored sdmost 
every region ; if Politics and Philosophy have opened a communi- 
cation between the remotest inhabitants of the globe ; if alliances 
have been formed between the most distant tribes of mankind; if 
Traffic has explored the multifarious productions of the earth and 
seas, and transported them from one country to another, and, if 
heathen lands and barbarous tribes have been " visited with the 
Day-spring from on high, and the knowledge of salvation," — it is 
owing to the aids derived from the science of the stars, without 
which the continents, the islands, and the different aspects of our 
globe would never have been explored by those who were separa- 
ted from them by intervening oceans. 
This science has been no less useful to 

AGRICULTURE, 

and to the cultivators of the earth. The successful cultivation of the 
soil depends on a knowledge of the course of the sun, the exact length 
of the seasons, and the periods of the year most proper for the opera- 
tions of tillage and sowing. The ancients were directed in these 
operations, in the first instance, by observing the courses of the 
moon, and that twelve revolutions of this luminary corresponded 
nearly with one apparent revolution of the sun. But finding the 
coincidence not exact, and that the time of the seasons was chang- 
ing — iu order to know the precise bounds of the sun's annual course, 
and the. number of days corresponding to his apparent yearly revo- 
lution, they were obliged to examine with care what stars were 
successively obscured in the evening by the sun, or overpowered 
by the splendour of his light, and what stars were beginning to 
emerge Irom his rays, and to re-appear before the dawn of the 
mommg. By certain ingenious methods, and numerous and at- 
tentive observations, they traced out the principal stars that lay in 
the line of the sun's apparent course, ^ave them certain names by 
which they might be afterwards distmguished, and then divided 
the circle of the heavens in which the sun appears to move, first 
into quadrants, and afterwards into 12 equal parts, now called the 
signs of the Zodiac, which they distinguished by names correspond- 
ing to certain objects and operations connected with the different 
seasons of the year. Such were the means requisite to be used for 
ascertaining the length of the year, and the commencement of the 
different seasons, and for directing the labours of the husbandman ; 
—and, were the knowledge of these things to be obliterated by any 
€ xtensive moral or physical convulsion, mankind would again hie 
under the necessity of having recourse to astronomical observations 
for determining the limits of the solar year, and the course of the 
seasons. Although we find no difficulty, in the present day, and 
require no anxious observations, in determining the seasons, yet, 
before astronomical observations were made with some de^ee ot 
accuracy, the ancient Greeks had to watch the rising of Arcturus 
the Pleiades and Or: on, to mark their seasons, and to determine tb^ 
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proper lime for their agricultural labours. The rising of the star 
Sinus along with the sun, announced to the Egyptians the period 
when they might expect the overflowing of the Nile, and, conse- 
quently, the time when they were to sow their grain, cut their ca- 
nals and reservoirs, and prepare the way for their expected harvest 

The science of 

CHRONOLOGY, 
likewise depends on celestial observations. The knowledge of an 
exact measure of time is of considerable importance in arranging 
and conducting the affairs of life, without which, society in its 
movements would soon run into confusion. For example, if we 
could not ascertain, within an hour or two, when an assembly 
or any concourse of human beings was to meet for an important 
purpose, all such purposes would soon be frustrated, and numan 
improvement prevented. Our ideas of time or succession in du- 
ration, are derived from motion; and in order to its being divi- 
ded into equal parts, the motions on which we fix as standards of 
time must be constant and uniform^ or at least, that any slight de- 
viation from uniformity shall be capable of being ascertained. 
But we have no uniform motion on earth by which the lapse of 
duration can be accurately measured. Neither the flight of oirds, 
the motion of the clouds, the gentle breeze, the impetuous whirl- 
wind, the smooth-flowing river, the roaring cataract, the falling 
rain, nor even the flux and reflux of the ocean, regular as they 
generally are, could afford any certain standard for the measure 
of time. It is, therefore, to the motion of the celestial orbs alone 
that we can look for a standard of duration that is certain and inva- 
riable, and not liable to the changes that take place in all terrestrial 
movements. Those magnificent globes which roll around us m 
the canopy of the sky — whether their motions be considered as 
real or only apparent, move with an order and regularity which is 
not found in any physical agents connected with our globe ; and 
when from this quarter we have derived any one invariable mea- 
sure of time, we can subdivide it into the minutest portions, to 
subserve all the purposes of civil life, and the improvements of 
science. Without the aids of astronomy, therefore, we should have 
had no accurate ideas of the lapse of time, and should have been 
obliged, like the rude savage of the desert, to compute our time by 
the falls of snow, the succession of rainy seasons, the mellii^g of the 
ice, or the progress and decay of vegetation. 

Celestial observations, in consequence of having ascertained a 
regular measure of time, have enabled us to fix chroiwlogical dates, 
and to determine the principal epochs of History. Many of those 
epochs were coincident with remarkable eclipses of the sun or 
moon, which the ancients regarded as prognostics of the loss of 
battles, the death of monarchs, and the fall of empires ; and which 
are recorded in connexion with such events, where no dates are 
mentioned. The astronomer, therefore, knowing the invariable 
movements of the heavenly orbs, and calculating backwards through 
the past periods of time, can ascertain what remarkable eclipses 
must have been visible at any particular time and place, and con- 
sequently, can determine the precise date of contemporary events. 
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Calvrisius, for example, founds his Chronology on 144 eclipses o. 
the sun, and 127 of tne moon, which he had calculated for the par- 
pose of determining epochas and settling dates. The grand con- 
junction of the planets Jupiter and Saturn, which occurs once in 
800 years, in the same point of the zodiac, and which has happened 
only eight times since the Mosaic Creation, furnishes Chronology 
with incontestable proofs of the date of events, when such phenomena 
happen to be recorded. On such data, Sir Isaac Newton dcter- 
mmed the period when Thales the philosopher flourished, particu- 
larly from the famous eclipse wliich be predicted, and which hap- 
pened just as the two armies under Algaites^ king of Lydia, and 
Cyaxares the Mede were engaged ; and which has been calculated 
to have happened in the 4th year of the 43d Olympiad, or in the 
year before Christ 603. On similar grounds Dr. Halley, a cele- 
brated astronomer of the last century, determined the very day and 
hour of the landing of Julius Cesar in Britam, merely from the 
circumstances stated in the "Commentaries" of that ' illustrious 
general. 
Astronomy has likewise lent its aid to the 

PROPAGATION OF RELIGION, 

and the conversion of tne heathen world. For, without the light 
derived from this celestial science, oceans would never have been 
traversed, nor the continents and islands explored where benighted 
nations reside, and, consequently, no messengers of Peace could 
have been despatched to teach them " the knowledge of salvation, and 
to guide their steps in the way of peace." But, with the direction 
afforded by the heavenly orbs and the magnetic needle, thousgmds 
of Christian missionaries, along with millions of bibles, may now 
be transported to the most distant continents and islands of the ocean, 
to establish among them the " Law and Testimony" of the Most 
High — to illume the darkness and counteract the moral abomina- 
tions and idolatries of the Pagan world. If the predictions of an- 
cient prophets are to be fulfilled ; if the glory of Jehovah is to cover 
the earth ; if " the isles afar off," that have not yet heard of the fame 
of the Redeemer, nor seen his glory, are to be visited with the 
" Day-spring from on high," and enrolled amon;^ the citizens of 
Zion ; if the world is to be regenerated, and Righteousness and 
Praise to spring forth before all nations — those grand events will 
be accomplished partly through the influence and direction of those 
celestial luminaries which are placed in the firmament to be for 
signs, and for seasons, and for days and years. The light reflected 
from the material heavens will lend its aid in illuminating the minds 
of the benighted tribes of mankind, till they be prepared for being 
transported into those celestial mansions where laiowledge shall 
be perfected, and Sovereign power triumphant. It will be likewise 
from aid derived from the heavenly orbs that the desolate wastes 
of the globe in every region will be cultivated and replenished with 
inhabitants. For the Almighty " created not the earth in vain, but 
formed it to be inhabited ;" and his purpose in this respect must ul- 
timately be accomplished: and the process of peopling and cultiva- 
tion is now going forward in New Holland, Van Diemen's Land, 
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Africa, the Western States of America, and other regions when 
sterility and desolation have prevailed since the universal Deluge. 
But how could colonies of men be transported from civilized na- 
tions to those distant reeions unless by the guidance of celestial lu- 
minaries, and by the aid of those arts which are founded on the ob- 
servations of astronomy 1 So that this science exerts an extensiye 
and beneficial influence over the most important af&drs of mankind. 
In short, astronomy, by unfolding to us the causes of certain ce- 
lestial phenomena, has tended to 

DISSIPATE SUPERSTITIOUS NOTIONS 

and vain alarms, in former ages the approach of a blazing comet, 
or a total eclipse of the sun or moon, were regarded with universal 
consternation as prognostics of impending calamities, and as har- 
bingers of Divine vengeance. And even in the present day, such 
notions prevail among most of those nations and tribes that are un- 
acquainted with astronomical science. During the darkness occa- 
sioned by a solar eclipse, the lower orders of Turkey have been 
seen assembling in clusters m the streets, gazing wildly at the san, 
nmning about in wild distraction, and finng volleys of muskets at 
the sun to frighten away the monster by which they scmposed it 
was about to be devoured. The Moorish song of death, or the 
howl they make for the dead, has been heard, on such occasions, 
resounding from the mountains and the vales, while the women 
brought into the streets all the brass pans, and vessels, and iraa 
utensils they could collect, and striking them with all their force, 
and uttering dreadful screams, occasioned a horrid noise that was 
heard for miles around. But astronomy has put to flight such ter- 
rific phantoms and groundless alarms, by unfolding to us the true 
causes of all such ]>henomena, and showing us that they happen in 
exact conformity with those invariable laws by which the Auni^ty 
conducts the machine of the universe — that eclipses are merely the 
effects of the shadow of one opaque globe falling upon another, and 
that comets are bodies which move in regular, but \<mg elliptical 
orbits — which appear and disappear in stated periods of time, and are 
destined to subserve some grand and beneficent designs in ihe sys- 
tem to which they belong. So that we may now contemplate all 
such celestial phenomena, not only with composure and tranquillity, 
but with exultation and delight. In short, astronomy has under- 
mined the absurd and fallacious notions by which the professors of 
Judicial Astrology have attempted to impose cu the credulity of 
mankind, under pretence of disclosing the designs of FaU^ and 
the. events of futurity. It shows us, that the stars are placed at im- 
measurable distances from our terrestrial sphere — ^that they can 
have no influence upon the earth, but what arises from the law of 
universal gravitation— that the great end for which they were crea- 
ted was to diffuse light, and to perform other important services in 
regions infinitely distinct from the sphere we occupy — that the pla- 
nets are bodies of different sizes, and somewhat similar to the globe 
on which we live— that all their aspects and conjunctions are the 
result of physical laws which are regular and immutable— and that 
no data can be ascertained on which it can be proved that they 

3 
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exert a moral influence on the temperaments and destinies of men 
except in so far as they tend to raise our affections to their Al- 
mighty Author, and excite us to confide m his care, and to contem- 
plate the effects of his wisdom and omnipotence. The heavens 
are set before us, not as the " Book of Fate," in which we may pry 
into the secrets of our future destiny, which would only serve to 
destroy activity, and increase the pressure of our present afflictions 
— ^but as the " Book of God," in wnich we may read his wondrous 
works, contemplate the glory of his eternal empire, and be excited 
to extend our views to those expansive scenes of endless felicity 
which await the faithful in the realms above. 

Independently of the considerations above stated, the study of as- 
tronomy is attended with many advantages in a moral, intellectual, 
and religious point of view. 

1. This department of science unfolds to us Ike most striking dis^ 
plays of the perfections of the Deity, — ^particularly the grandeur of 
nis Omnipotence. His Wisdom is conspicuously displayed in the 
general arrangement of the heavenly orbs, particularly in reference 
to the globes which compose the solar system — in placing near the 
centre of this system that immense luminary the Sun, from whence 
light and hieat might be distributed, in due proportion, to all the 
worlds that roll around it — in nicely proportionating the motions 
and distances of all the planets primary and secondary — in uniting 
them in one harmonious system, by one grand universal law which 
prevents them from flying off in wild confusion through the infini- 
ty of space — in the constancy and regularity of their motions, no 
one interfering with another, or deviating from the course pre- 
scribed— 'in the exactness with which they run their destmed 
rounds, finishing their circuits with so much accuracy as not to de- 
viate from their periods of revolution, the hundredth part of a mi- 
nute in a thousand years — in the spherical figures given to all those 
mighty orbs, and the diurnal motions impressed upon them, by 
which a due proportion of light and heat is diffused over every part 
of their surface. The Benevolence of the Deity shines no less con- 
spicuous in those upper re^ons, in ordering all the movements and 
arrangements of the celestial globes so as to act in subserviency to 
the comfort and happiness of sentient and intelligent beings. For, 
the wisdom of Grod is never employed in devising means without 
an end; and the grand end of all his arrangements, in so far as our 
views extend, is the communication of happiness ; and it would be 
inconsistent with the wisdom and other perfections of God not to 
admit, that the same end is kept in view in every part of his domin- 
ions J however far removed from the sphere of our contemplation. 
The heavens, therefore, must be considered as presenting a bound- 
less scene of Divine benevolence. For they unfold to view a count- 
less number of magnifipent globes, calculated to be the habitations 
of various orders of beings, and which are, doubtless, destined to be 
the abodes of uitellectual life. For the character of the Deity would 
be imjoeached, and his wisdom virtually denied, were we to sup- 
pose him to arrange and establish a magnificent series of means 
without an end corresponding, in utility and dignity, to the gran- 
deur of the contrivance. When, therefore, we consider the mnu- 
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merable worlds which must exist throughout the immensity of 
space, the countless myriads of intelligences that people them, the 
various ranks and orders of intellect that may exist among them, 
the innumerable diversified arrangements which are made for pro- 
moting their enjoyment, and the peculiar displays of Divine benig- 
nity enjoyed in every world — ^we are presented with a scene of Ir- 
vine goodness and beneficence which overpowers our conceptionS| 
and throws completely into the shade all that we perceive or enjoy 
within the confines of this sublunary world. And, although the 
minute displays of Divine benevolence in distant worlds are not 
yet particularly unfolded to our view, yet this circumstance does 
not prove that no such displays exist; — and as we are destined to 
an immortal life, in another region of creation, we shall, doubtless, 
be favoured with a more expansive view of the effects of Divine 
benignity in that eternal scene which lies before us. 

But this science exhibits a more striking di^lay than any other 
of the Omnipotent e'nergies of the Eternal Mind. It presents before 
us objects of overpowering magnitude and splendour — ^planetary 
globes a thousand times larger than the earth — magnificent rings 
which would nearly reach from the earth to the moon, and would 
enclose within their vast circumference 500 worlds as larg^e as 
ours — suns a milUon times larger than this earthly ball, difiusing 
their light over distant worlds — and these suns scattered in every 
direction through the immensity of space, at immeasurable distances 
from each other, and in multitudes of groups which no man can 
number, presenting to the eye and the imagmation a perspective of 
starry systems, boundless as immensity. — It presents to our view 
motions so astonishing as to overpower and almost terrify the ima- 
gination — ^bodies a thousand times larger than the earth nying with 
a velocity of 29,000 miles an hour, performing circuits more than 
three thousand millions of miles in circumference, and carrying 
along with them a retinue of revolving worlds in their swift career; 
nay, motions, at the rate of 880,000 miles an hour, have been per- 
ceived among the celestial orbs, which as far surpass the motions 
we behold around us in this lower world, as the heavens in height 
surpass the earth. Such motions are perceived not only in the so- 
lar system, but in the most distant regions of the universe, among 
double stars — they are regular and uninterrupted — ^thpy have been 
l^oing forward for thousands, perhaps for millions of years — there 
is perhaps nO body in the universe out is running its round with 
similar velocity ; and it is not unlikely that the whole machine of 
universal nature is in perpetual motion amidst the spaces of immen- 
sity, and will continue thus to move throughout all the periods of 
endless duration. Such objects and such motions evidently display 
the omnipotence of the Creator beyond every other scene wnicn 
creation presents ; and, when seriously contemplated, cannot but 
inspire us with the most lofly and impressive conceptions of the 
" eternal power" and majesty of Him who sits on the tnrone of the 
tmiverse, and by whom all its mighty movements are conducted. 
They demonstrate, that his agency is universal and v/ncontrollable 
— ^that he is able to accomplish all his designs, however incompre- 
tensible to mortals—that no created being can frustrate his pur- 
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poses, and that lie is worthy of our highest affection, and our inces- 
sant adoration. 

2. Astronomy displays before us tke extent and grandeur of God's 
universal emfire. The ^lobe we inhabit, with «dl its appendages, 
forms a portion of the Divine empire, and, when minutely investi- 
gated, exhibits a striking display of its Creator's power, benignity, 
and intellig:ence. But it forms only one small province of his uni- 
versal dominions — an almost undistinguishable speck in the great 

' map of the universe : and if we confine our views solely to the lim- 
its of this terrestrial ball, and the events which have taken place on 
its surface, we must form a very mean and circumscribed idea of 
the extent of the Creator's kingdom and the range of his moral go- 
vernment. But the discoveries of astronomy have extended our 
views to other provinces of the empire of Omnipotence, far more 
spacious and magnificent. They demonstrate, that this earth, with 
ail its vast oceans and mighty continents, and numerous population, 
ranks among the smaller provinces of this empire — that the globes 
composing the system to which it belongs, (without including the 
sun,) contain an extent of territory more than two thousand times 
larger than our world — that the sun himself is more than 500 times 
larger than the whole, and that, although they were all at this mo- 
ment buried in oblivion, they would scarcely be missed by an eye 
that could survey the whole range of creation. — They demonstrate, . 
that ten thousands of suns, and ten thousand times ten thousands oi 
revolving worlds are dispersed throughout every region of bound- 
ftss space, displaying the creating and supporting energies of Om- 
nipotence ; and consequently, are all under the care smd superin- 
tendence of Him " who doth according to his will in the armies of 
heaven, and among the inhabitants of the earth." Such an empire, 
and such only, appears corresponding to the perfections of Him 
who has existed from eternity past, whose power is irresistible, 
whose goodness is unbounded, and whose presence fills the immen- 
sity of ^ace ; and it leads us to entertain the most exalted senti- 
ments or admiration at the infinite intelligence implied in the super- 
hUe^idence of such vast dominions, and at the boundless beneficence 
displayed among the countless myriads of sensitive and intellectual 
beings which must people his wide domains. 

3. The objects which this science discloses, afford subjects of sub^ 
lime cont£mplation, and tend to elevate the soul above vicious passions 
and grovelling pursuits. In the hours of retirement and solitude 
what can be more delightful, than to wing our way in imagination 
amidst the splendid objects which the firmament displays — to take 
our flight along with the planets in their wide career — to behold 
them running their ample rounds with velocities forty times swifter 
than a cannon ball — to survey the assemblages of their moons, re- 
volving around them in their respective orders, and carried at the 
same time, along with their primaries, through the depths of space 
— to contemplate the magnificent arches which adorn the firmament 
cf Saturn, whirling round that planet at the rate of a thousand miles 
in a minute, and displaying their radiance and majestic movements 
to an admiring population — to add scene to scene, and magnitude 
to magnitude, till the mind acquire an ample conception of such 
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august objects — ^to dive into the depths of infinite 'space till we be 
surrounded with myriads of suns and systems of worlds, extending 
beyond the range of mortal comprehension, and all running their 
appointed rounds, and accomplishing the designs of beneficence in 
obedience to the mandate of their Almighty Author 1 Such objects 
afford matter for rational conversation, and for the most elevated 
contemplation. In this ample field the most luxuriant imagination 
may range at large, representing scenes and objects in endless ystp 
riety and extent ; and, after its boldest excursions, it can scarcely 
go beypnd the reality of the magnificent objects which exist within 
the range of creating power and intelligence. 

The frequent contemplation of such objects tends to enlarge the 
capacity of the mind, tp ennoble the human faculties, and raise the 
soul above grovelling affections and vicious pursuits. For the dis- 
positions of mankind and their^ctive pursuits generally correspond 
to the train of thought in which they most frequently indulge. If 
these thoughts run among puerile and vicious objects, such will be 
the general character of their affections and conduct. If their train 
of thinking take a more elevated range, the train of their actions, and 
the passions they display, will, in some measure, be correspondent. 

Can we suppose, that a man whose mind is daily conversant with 
the noble and expansive objects to which I have adverted, would 
have his soul absorbed in the pursuits of ambition, tyranny, oppres- 
sion, war, and devastation 1 

Would he rush like a madman through burning cities, and man- 
gled carcasses of the slain, in order to trample under foot the rights 
of mankind, and enjoy a proud pre-eminence over his fellows — and 
find pleasure in such accursed pursuits 1 

Would he fawn on statesmen and princes, and violate every 
mora] principle, in order to obtain a pension, or a post of opulence or 
honour 1 Would he drag his fellow-men to the stake, because they 
worshipped God according to the dictates of their consciences, and 
behold with pleasure their bodies roasting in the fiames 1 

Would he drive men, women, and children from their homes, 
loaded with chains and fetters, to pine in misery and to perish in a 
distant land, merely because they asserted the rights to which they 
were entitled as citizens and as rational beings "? 

Or, would he degrade himself below the level of the brutes by a 
daily indulgence in rioting and drunkenness, till his faculties were 
benumbed, and his body found wallowing in the mire 1 

It is scarcely possible to suppose that such passions and conduct 
would be displayed by the man who is habitually engaged in celes-' 
tial contemplations, and whose mind is familiar with the august ob- 
jects which the firmament displays. " If men were taught to act 
in view of all the bright worlds which are looking down upon 
them, they could not be guilty of those abominable cruelties'* 
which some scenes so mournfully display. We should then expect, 
that the iron rod of oppression would be broken in pieces — ^that war 
would cease its horrors and devastations — ^that liberty would be 
2* 
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proclaimed to the captives — ^that " righteousness would run down 
our streets as a river," and a spirit congenial to that of the inhabit- 
ants of heaven would be displayed by the rulers of nations, and by 
all the families of the earth. For all the scenes which the firma- 
ment exhibits have a tendency to inspire tranquilliiy — ^to produce a 
love of harmony and order ^ to stain the pride ofKwman grandeur — 
to display the riches of Divine hen/ejiccnce — to excite admiration 
and revereiMX — and to raise the soul to God as the Supreme Director 
of universal nature, and the source and centre of all true enjoy- 
ment ; — and such sentiments and affections are directly opposed to 
ths degrading pursuits and passions which have contaminated the 
society of our world, and entailed misery on our species. 

I might have added, on this head, that the study of this subject 
has a peculiar tendency to sharpen and invigorate the mental fac- 
ulties. It requires a considerable share of attention and of intel- 
lectual acumen to enter into all the particulars connected with the 
principles and facts of astropomical science. The elliptical form 
of the planetary orbits, and the anomalies thence arising, the muta- 
tion ol the eaith's axis, the causes of the seasons, the difficulty of 
reconciling the apparent motions of the planets with their real "mo- 
tions in circular or elliptical orbits, the effects produced by centri- 
fugal and centripetal forces, the precession of the equinoxes, the ab- 
erration of light, the method of determining the distances and mag- 
nitudes of the celestial bodies, Aean and apparent time, the irregu- 
larity of the moon's motion, the difficulty of forming adequate ideas 
of the immense spaces in which the heavenly bodies move, and 
their enormous size, and various other particulars, are apt, at first 
view, to startle and embarrass the mind, as if they were beyond the 
reach of its comprehension. But, when this science is imparted to 
the young under the guidance of enlightened instructors — when 
they are shown not merely pictures, globes and orreries, but direct- 
ed to observe with their own eyes, and with the assistance of teles- 
copes, all the interesting phenomena of the heavens, and the mo- 
tions which appear, whether real or apparent — ^when they are shown 
the spots of tne sun, the moons and oelts of Jupiter, the phases of 
Venus, the rings of Saturn, and the mountains and vales which 
diversify the surface of the moon — such objects tend to awaken the 
attention, to expand the faculties, to produce a taste for rational in- 
vestigation, ana to excite them to more eager and diligent inquiries 
into the subject. The objects appear so grand and novel, and strike 
the senses with so much force and pleasure, that the mind is irre- 
sistibly led to exert all its energies in those investigations and ob- 
servations by which it may be enabled to grasp all the principles 
and facts of the science. And every difficulty wnich is surmounted 
adds a new stimulus to the exertions of the intellect, urges it for- 
ward with delight in the path of improvement, and thus invigorates 
the mental powers, and prepares them for engaging with spirit and 
alacrity in every other investigation. 

4. The study of astronomy has a tendency to moderate the pride of 
man^ and to promote humility. Pride is one of the distinguishing 
characteristics of puny man, and has been one of the chief causes 
of all the contentions, wars, devastations, oppressions, systems of 
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slavery, despotisms, and ambitious projects which have desolated 
and demoralized onr sinful world. Yet there is po disposition more 
incongruous to the character and circumstances of man. Perhaps 
there are no rational beings throughout the universe amon^ whom 
pride would appear more unseendy or incompatible than m man ; 
considering the abject situation in which he is placed. He is ex- 
posed to innumerable degradations and calamities, to the rage oi 
storms and tempests, the devastations of earthquakes and volcanoes, 
the fury of whirlwinds, and the tempestuous biUows of the ocean, 
the ravages of the sword, pestilence, famine, and numerous dis 
eases, and, at length, he must sink into the grave, and his body be-* 
come the companion of wonns. The most dignified and haughty 
of the sons of men are liable to such degradations, and are frequent- 
Iv dependent on the meanest fellow creatures whom they despise, 
for the greater part of their accommodations and comforts. Yet, 
in such circumstances, man, that puny worm of the dust, whose 
knowledge is so limited, whose follies are so numerous ajid glaring 
^— has the effrontery to strut in all the haughtiness of pride, and to 
glory in his shame. When scriptural arguments and motives pro- 
duce little effect, I know no considerations which have a more pow- 
erful tendency to counteract this deplorable propensity of human 
beings than those which are borrowed from tne objects connected 
with astronomy. They show us what an insignificant teing — what 
a mere atom, indeed, man appears amidst the immensity of crea- 
tion. What is the whole of this globe, compared with the solar sys- 
tem, which contains a mass of matter ten hundred thousand times 
greater 1 What is it in comparison of the hundred millions of suns 
and worlds which the telescope has descried throughout the starry 
regions, or of that infinity of worlds which doubtless lie beyond the 
range of human vision in the unexplored regions of immensity'? 
What, then, is a kingdom, or a province, or a baronial territory, of 
which we are as proud as if we were the lords of the universe, and 
for which we engage in so much devastation and carnage ! What" 
are they when set in competition with the glories of the sky ! Could 
we take our station on the lofty pinnacles of heaven, and look down 
on this scarcely distinguishable speck of earth, we should be ready 
to exclaim with Seneca, " Is it to this little spot that the great de- 
signs and vast desires of men are confined 1 Is it for this there is 
so much disturbance of nations, so much carnage, and so many ru- 
inous wars 1 O folly of deceived men, to imagine great kingdoms 
in the compass of an atom, to raise armies to divide a point of earth 
with the sword !" It is unworthy of the dignity of an immortal 
mind to have its affections absorbed in the vanishing splendours of 
earthly grandeur, and to feel proud of the paltry possessions and 
distinctions of this sublunary scene. To foster a spirit of pride and 
vainglory in the presence of Him who " sitteth on the circle of the 
heavens," and in the view of the overwhelming grandeur and im- 
mensity of his works, is a species of presumption and arrogance of 
which every rational mind ought to feel ashamed. And, therefore. 
we have reason to believe, that those multitudes of fools, " dressed 
in a little brief authority," who walk in all the loftiness of pride. 
have not yet considered the rank they hold in the scale of universal 
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being ; — and tLat a sferious contemplation of the immensity of crea- 
tion would have a tendency to convince us of our ignorance and 
nothingness, and to humble us in the dust, in the presence of the 
Former and Preserver of all worlds. We have reason to believe 
that the most exalted beings in the universe — those who are fur- 
nished with the most capacious powers, and who have arrived at 
the greatest perfection in knowledge — are distinguished by a pro- 
portional share of humility ; for, m proportion as they advance in 
their surveys of the universal kingdom of Jehovah, the more will 
they feel their comparative ignorance, and ]?e convinced of their 
limited faculties, and of the infinity of objects and operations which 
lie beyond their ken. At the same time they will feel, that all the 
faculties they possess were derived from Him who is the original 
fountain of existence, and are continually dependent for their exer- 
cise on his sustaining energy. Hence we find, that the angelic 
tribes are eminently distinguished for the exercise of this heavenly 
virtue. They " cover their faces with their wings" in the presence 
of their Sovereign, and fly, with cheerfulness, at his command, to 
our degraded world, " to minister to the heirs of salvation." It is 
only in those worlds where ignorance and depravity prevail (if there 
be any such besides our own ) that such a principle as pride is known 
or cherished in the breast of a dependent creature — and therefore 
every one in whom it predominates^ however high his statioil or 
worldly accomplishments, or however abject his condition may be, 
must be considered as either ignorant or depraved, or more prop- 
erly, as having both those evils existing in his constitution, the one 
being the natural and necessary result of the other. 

5. The studies connected with astronomy tend to prepare the soul 
for the employments of the future world, in that world, the glory of 
the Divine perfections, as manifested throughout the illimitable 
tracts of creation, is one of the objects which unceasingly employ the 
contemplation of the blessed. For they are represented in their ado- 
rations as celebrating the attributes of the Deitv displayed in his 
operations : ■*' Great and marvellous are thy worts. Lord God Al- 
mighty ! thou art worthy to receive glory and honour and power, 
for thou hast created all things, and for thy pleasure they are and 
were created." Before we can enter that world and mingle with 
its inhabitants, we must acquire a relish for their employments, and 
some acquaintance with the objects which form the subject of their 
sublime investigations ; otherwise, we could feel no enjoyment in 
the society of heavenly intelligences, and the exercises in which 
they engage. The investigations connected with astronomy, and 
the frequent contemplation of its objects, have a tendency to pre- 
pare us for such celestial employments, as they awaken attention to 
such subjects, as they invigorate the faculties, and enlarge the ca- 
pacity of the intellect, as they suggest sublime inquiries, and desires 
for further information which may afterwards be gratified ; as they 
form the groundwork of the progress we may afterwards make in 
that state m our surveys of tne Divine operations, and as they ha- 
bituate the mind to take large and comprehensive views of the em- 
pire and moral government of the Almighty. Those who have 
made progress in such studies, under the influence of holy disposi^ 
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tions, may be considered as fitted to enter heaven with peculiar ad- 
vantages, as they will then be introduced to employments and inves* 
ligations to which they were formerly accustomed, and for which 
they were prepared — ^in consequence of which they may be prepared 
for filling stations of superior eminence in that world, and for di- 
recting the views and investigations of their brethren who enjoyed 
few opportunities of instruction and improvement in the present 
state. For we are informed, in the sacred records, that " they who 
are wise," or as the words should be rendered, " they who excel in 
wisdom shall shine as the brighmess of the firmament, and they that 
turn many to righteousness, as the stars for ever and ever." 

6. The researches of astronomy demonstrate, that it is in the 
power of the Creator to open to his mtelligent ofispring endless sour- 
ces of felicity. In looking forward to the scene of our future desti- 
nation, we liehold a series of ages rising in succession without any 
prospect of a termination ; and, at first view, it might admit of a 
doubt, whether the universe presents a scene so diversified and 
boundless, that intelligent beings, during an endless duration, could 
expect that new scenes of glory and felicity mi^ht be continually 
opening to their view, or, whether the same series of perceptions 
and enjoyments might not be reiterated so as to produce satiety and 
indifference. Without attempting positively to decide on the par- 
ticular scenes or sources of happiness that may be opened in the 
eternal world, it. may be admitted, that 1M Deity has it in his power 
to gratify his rational creatures, during every period of duration, 
with new objects and new sources of enjoyment ; and, that it is the 
science of astronomy alone which has "jjresented us with a demon- 
stration, and a full illustration of this important truth. For, it has 
displayed before us a universe boundless m its extent, diversified as 
to Its objects, and infinite as to their number and variety. Even 
within the limits of human vision the number of worlds which exist 
cannot be reckoned less than three thousand millions ; and those • 
which are nearest to us, and subject to our particular examination, 
present varieties of different kinds, both as to magnitude, motion, 
splendour, colour and diversity of surface — evidently indicating, 
tnat every world has its peculiar scenes of beauty and grandeur. 
But, as no one will be so presumptuous as to assert, that the bound- 
aries of the universe terminate at the limits of human vision, there 
may be an assemblage of creation beyond all that is visible to us, 
which as far exceeds the visible system as the vast ocean exceeds 
m magnitude a single drop of water ; and this view is nothing more 
than compatible with the idea of a Being whose creating energies 
are infinite, and whose presence fills immensity. Here, then, we 
have presented to our contemplation a boundless scene, correspond- 
ing in variety, and extent of space, to the ages of an endless dura- 
tion ; so that we can conceive an immortal mind expatiating amidst 
objects of benignity, sublimity and grandeur, ever varied and ever 
new, throughout an eternal round of existence, without ever arri- 
ving at a point, where it might be said, " Hitherto shall thou come, 
but no farther." And we have reason to conclude that such will 
be the privilege and enjoyment of all holy beings. For we are in- 
formed on the authority of inspiration, that " in God^s presence 
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there is fulness of joy ^ and at Ttis right hartd are p^easfHres for ever 
more." 

^ 7. The science of astronomy is a study which will be prosecuted 
without intermission in the eternal world. This may be inferred 
from what has been already stated. For, it is chiefly among the 
numerous worlds dispersed throughout the universe that God is 
seen, his perfections manifested, and the plans of his moral govenv- 
ment displayed before the eyes of unnumbered intelligences. The 
heavens constitute by far the grandest and most extensive portion 
of the empire of Omnipotence ; and if it shall be one part of the 
happiness of immortal spirits to behold and investiga,te the beauty, 
grandeur and beneiicence displayed throughout this empire, we 
may rest assured, that they will be ^rpePually employed in such 
exercises ; since the objects of their investigation are boundless as 
immensity ; — or, in other words, astronomy, among other branches 
of celestial science, will be their unceasing study and pursuit. As 
it has for its object, to investigate the motions, relations, phenomena, 
scenery, and the ultimate destination of the great bodies of the uni- 
verse, the subject can never be exhausted. Whatever may be said 
in regard to the absolute perfection of other sciences, astronomy can 
never be said, at any future period of duration, to have arrived at 
perfection, in so far as it is a subject of study to finite minds ; and, at 
this moment, even in the view of the Infinite Mind that created the 
universe, its objects may not yet be completed. For we have reason 
to believe that the work of creation is still going forward, and, con- 
sequently, that new worlds and systems may be continually emerg- 
ing from nothing under the energies of Creating Power. However 
■capacious, therefore, the intellects of good men, in a future world, 
may be, they will never be able fully to explore the extent and va- 
riety, " the riches and glc^ry" of Him " who dwells in light unap- 
proachable;" — yea, the most exalted of created intelligences, where- 
ever existing, although their mental powers and activities were 
incomparably superior to those of man, will be inadequate to a full 
investigation and comprehension of the grandeur and sublimities of 
that kingdom which extends throughout the regions of immensity. 
And this circumstance will constitute one ingredient of their hap- 
piness, and a security for its permanency. For, at every period 
of infinite duration, they will be enabled to look forward to a suc- 
cession of scenes, objects and enjoyments different from all they 
had previously contemplated or experienced, without any prospect 
of a termination. We may therefore conclude, that, unless the 
material universe be demolished, and the activities of immortpJ 
minds suspended, the objects of astronomy will continue throughout 
eternity to be the subject of study, and or unceasing contemplation. 
Such are some of the advantages attending the study of the sci- 
ence of astronomy. It lies at the foundation of our geographical 
knowledge — it serves as a handmaid and director to the traveller 
and navigator-— it is subservient to the purposes of universal com- 
merce — it determines the seasons, and directs the operations of the 
husbandman — it sullies us with an equable standard of time, and 
settles the events of nistory — it lends its aid to the propagation of re- 
ligioUj and undermines the foundation of superstition and astrology. 
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Above all, it illiistrates the glorj of the perfections of the Deity- 
displays the extent and grandeur of his universal empire — affords 
subjects of sublime contemplation, enlarges the conceptions, and in- 
vigorates the mental powers — counteracts the influence of pride, 
and promotes the exercise of humilitv — ^prepares the soul for the 
employments of the future world — and demonstrates, that the Cre- 
ator has it in his power to open up endlessly diversified sources of 
happiness to every order of nis intelligent offspring, throughout all 
the revolutions of eternity. The moral advantages arising from the 
study of this science, however, cannot be appreciated or enjoyed, 
unless such studies and investigations be prosecuted in connexion 
with the facts and principles of Revelation. But, when associated 
with the study of the Scriptures, and the character of God therein 
delineated, and the practice of Christian precepts, ihej are calcula- 
ted " to make the man of Grod perfect," to enlarge his conceptions 
of Divine perfection, and to expand his views of ** the inheritance 
of the saints in light." 

Such being the advantages to be derived from the study of this 
science, it ought to form a subject of attention in every seminary 
intended for the mental and moral improvement of mankind. In 
order to the improvement of the young in this science, and that its 
objects may make a deep impression on their minds, they should be 
directed to make frequent observations, as opportunity offers, on 
the movements of the nocturnal heavens, and to ascertain all the 
facts which are obvious to the eye of an attentive spectator. And, 
while thev mark the different constellations, the apparent diurnal 
motion of the celestial vault, the plzinets in their several courses, 
and the moon walking in her brightness among the host of stars — 
thev should be indulged with views of the rings of Saturn, the belts 
and satellites of Jupiter, the phases of Mercury and Venus, the 
numerous groups of stars in the Milky Way, the double and treble 
stars, the most remarkable Nebula, the mountains and plains, the 
caverns and circular ridges of hills which diversify the surface of 
the moon, as they appear through ^ood achromatic or reflecting 
telescopes. Without actual observation, and the exhibition of such 
interesting objects, the science of astronomy makes, comparatively, 
little impression on the mind. Our school books on astronomy 
should be popular in th»ir lang-icge and illustrations, but, at the 
same time, they should bt' comprehensive in their details, and every 
exhibition should be clear an^ well dejmed. They should contain, 
not merely descriptions of facts, to be received on the authority of 
the author or the mstructer, but illustrations of the reasons or argu- 
ments on which the conclusions of astronomy are founded, and of 
the modes by which they have been ascertained. And, while pla- 
netariums, celestial glolles, and planispheres of the heavens are ex- 
hibited, care should oe taken to direct the observations of the pupils 
as frequently as possible, .to the objects themselves, and to guard 
ihem against the limited and distorted notions which all kinds of 
artificial representations have a tendency to convey. 

There is still room for improvement in all the initiatory books 
on this subject I have examined ; but such books are now rapidly 
•Improving, both as to their general plan, and the interesting nature 
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of their details. I have seen nothiDg superior in this respect, or 
better adapted to the purpose of rational instruction, than Mr. Bur- 
rett's excellent work, entitled " The Geography of the Heavens," 
second edition, comprising 342 closely printed pages. It contains, 
in the first place, a full and interesting description of all the con- 
stellations, and principal stars in the heavens, interspersed with a 
great variety of mythological, historical and philosophical informa- 
tion, calculated to amuse and instruct the general reader, and to 
arrest the attention of th« young. The descriptions of the bodies 
connected with the solar system, are both popular and scientific, 
containing a lucid exhibition of the facts which have been ascer- 
tained respecting them, and a rational explanation of the phenomena 
connected with their various aspects and motions. The Celestial 
Atlas which accompanies the work is varied, comprehensive, and 
judiciously constructed, and forms the most complete set of planis- 
pheres, for the purpose of teaclung, which has hitherto been pub- 
lished. It consists of four maps about fourteen inches square, de- 
lineated on the same principles as geographical projections, exhi- 
biting the stars that pass near the meridian at a certain hour, along 
with the circumjacent constellations for every month, and for every 
day of the year. Besides these there are two circumpolar maps of 
the northern and southern hemispheres of the heavens, and a pla- 
nisphere on the principle of Mercator's projection, which exhibits 
at one view the sphere of the heavens, and the relative positions of 
the different constellations and principal stars. With the assistance 
of these maps, which in a great measure supersede the use of a 
celestial globe, an intelligent teacher may, at certain intervals in 
the course of a year, render his pupils familiar with most of the 
visible stars in the heavens ; and they will make a deeper impres- 
sion on their minds when taught in this way, than by the use of a 
globe. This work, on the whole, indicates great inclustry and re- 
search on the part of the author, and a familiar acquaintance with 
the various departments of the science of the heavens. He has de- 
rived his materials from the most valuable and modern works of 
science, and has introduced not a few illustrations and calculations 
of his own, which tend to enhance the general utilitj?^ of the work. 
The moral and religious reflections which the objects of this science 
naturally suggest, have not been oVerlooked, and, I trust, will have 
a tendency to raise the minds of the young to that Almighty Bein^ 
whose power, wisdom, and superintending providence are so stri- 
kingly displayed throughout the regions of tne firmament. 
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In entering upon this study, the phenomena of the heavens, 
as they appear m a clear evening, are the first objects that 
demand our attention. Our first step is' to learn the names 
and positions of the heavenly bodies, so that we can identify, 
and distinguish them from each other. 

In this manner, they were observed and studied ages before 
books were written, and it was only after many, careful and 
repeated observations, that systems and theories of Astronomy 
were formed. To the visible heavens, then, the attention of 
the pupil should be first directed, for it is only when he shall 
have become in some measure, familiar witn them, that he 
will be able to locate his Astronomical knowledge, or fully 
coinprehend the terms of the science. ^ 
/For the sake of convenient reference) the heavens were 
early divided into constellations, and particular names assign- 
ed to the constellations and to the stars which they contain. A 
constellation may be defined to ba^a cluster or group of stars 
embraced in the outline of some figure) These figures are in 
many cases, creations of the imagination, but in others, the 
stars *are in reality so arranged as to form figures which have 
some resemblance to the objects whose names have been as- 
signed to them. 

These divisions of the celestial sphere, bear a striking analogy to the civil 
divisions of the globe. The constellations answer to states and kingdoms, the 
most brilliant clusters to towns and cities, and the number of stars m each, to 
their respective population. The pupil can trace the boundaries of any constel- 
lation, and name all its stars, one by one, as readily as he can trace the bounda- 
ries of a state, or name the towns and cities from a map of New England. In 
this sense, there may be truly said to be a Geography of the Heavens. 

The stars are considered as forming, with reference to their 

magnitudes, six classes ; the brightest being called stars ol 

the fir^ magnitude, the next brightest, stars of the second 

magnitude, and so on to the sixth class, which consists of the 

smallest stars visible to the naked eye. In order to be able 

Why, In entering upon the study of Astronomy, should the attention of the pupil be 
first directed to the visible heavens? Why were the heavens early divided Into con- 
stellations, and names assigned to the constellations and the stars? What is a con- 
stellation ? Do these figures really exist in the skies ? In what sense may there truly 
be Mid to be a Geography q/ the Heaveru 7 How many classes are the stars considered 
u forming with reference to their magnitude . 
3 
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to designate, with precision their situations, imaginary circles 
have been considered as drawn in the heavens, most of which 
correspond to and are in the same plane with similar circles, 
supposed, for similar purposes, to be drawn on the surface of 
the Earth. 

In order to facilitate the study of it, artificial representations 
of the heavens, similar to those of the surface of the Earth, 
have been made. Thus, a Celestial Atlas, composed of se- 
veral maps, accompanies this worL Before, however, pro- 
ceeding to explain its mse^ it is necessary to make the pupil 
acquainted with the imagmary circles alluded to above. 

Circles op the Sphere. — The Aaris of the Earth is an 
imaginary line, passing through its centre, north and south, 
about which its diurnal revolution is performed. 

The Poles of the Earth are the extremities of its axis. 

The Axis of the Heavens is the axis of the Earth pro- 
duced both ways to the concave surface of the heavens. 

The Poles of the Heavens are the extremities of their axis. 

The Equator of the Earth is an imaginary great circle 
passing round the Earth, east and west^ everywhere equally 
distant from the poles, and dividing it into northern and 
southern hemispheres. 

The Equator of the Heavens^ or Equinoctial^ is the great 
circle formed on the concave surface of the heavens^ by pro- 
ducing the plane of the Earth's equator. 

A plane is that which has sarface but not thickness. The plane of a circle is 
that imaginary superficies which is bounded by the circle. 

The Rational Horizon is an imaginary great circle, whose 
plane, passing through the centre of the Earth, divides the 
heavens into two hemispheres, of which the upper one is 
called the visible hemisphere, and the lower one, the invisi- 
ble hemisphere. It is the plane of this circle which deter- ' 
mines the rising and setting of the heavenly bodies. 

The Sensible or Apparent Horizon^ is the circle which 
terminates our view, where the Earth and sky appear to meet. 

To a person standing on a plain, this circle is but a few miles in diameter. If 
the eye be elevated five feet, the radius of the sensible horizon will be less than 
two miles and three quarters} if the eye be elevated six feet, it will be just three 
miles. The observer being always in the centre of the sensible horizon, it will 
move as he moves, and enlarge or contract, as his station is elevated or depress- 
ed. • 



What expedient has been devised for designating, with precision, the situations of 
the heavenly bodies? What is the axis of the Fiarth l What are the poles of the Earth? 
What is the axis of the heavens ? What are the poles of the heavens ? What is the 
equator of the Earth ? What Is the equator of the heavens or the equinoctiSJ ? What it 
a plane I WhM in the plam qf a circle 7 What is the rational horizon ? What Is the 
sensible or apparent horizon? What is the diameter qf this circle to a person stand- 
ing on a plain 7 What toiU its radius he if the eye he elevated Jive feet J If it he ele- 
vated six feet 7 On what does the place qf its centre and its eircusf^fisrence depend 1 
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The Poles of the Horizon are two points, of which the one 
is directly over head, and is called the Zenith ; the other is 
directly under foot, and is called the Naclir. 

Vertical Circles are circles drawn throuo^h the Zenith and 
Nadir of any place, cutting the horizon at right angles. 

The Prime Vertical is that which passes through the east 
-and west points of the horizon. 

The Ecliptic is the great circle which the Sun appears to 
describe annually among the stars. It crosses the Equinoc- 
tial, a little obliquely, in two opposite points which are called 
the Equinoxes, Tne Sun rises in one of these points on the 
21st ol March ; this point is called the Vernal Equinox. It 
sets in the opposite point on the 23d of September ; this point 
is called the Autumnal Equinox. One half of the ecliptic lies 
on the north side of the Equinoctial, the other half on the 
south side, making an angle with it of 23^^^. This angle is 
called the obliquity of the Ecliptic, The axis of the Eclip- 
tic makes the same angle with the axis of the heavens ; so 
that the poles of each are 23^^ apart. 

This angle is prrpetually decreasing. At the commencement of the Christian 
era, \l\na about 23^ 45'. At the beginning of IS36, \i\na only 23® 27' 33 ", show- 
ing an annual diminution of about half a second, or45".70 in a hundred years. 
A time will arrive, however, when this angle, having reached its miniumm, will 
again increase in the same ratio that it had before diminished, and thus it will 
continue to oscillate at long periods, between certain limits, which are said to be 
comprised within tlie space of 20° 42'. 

The ecliptic, like every other circle/contains 360°, and it is 
divided into 12 equal arcs of 30© each! called signs, which the 
ancients distinguished by particular mmes. This division 
commences at the vernal equinox^ and is continued east- 
wardly round to the same point again, in the following order : 
Aries. Taurus^ Gemini^ Cancer^ Leo^ Virgo, Libra, Scor- 
pio, /Sagittarius, CapricomuSy Aquarius, Pisces. The Sun. 
commencing at the first degree of Anes, about the 21st of 
March, passes, at a mean rate,|through one sign every month.X 

The Zodiac is a zone or girdle, about 16 degrees in breadth, 
extending quite round the heavens^ and including all the 
heavenly bodies within 8° on each side of the ecliptic. It in- 
cludes, also, the orbits of all the plairets, except some of the 
asteroids, since they are never seen beyond 8® either north or 
south of the ecliptic. 

Parallels of Latitude are small circles imagined to be 

What are the poles of the borizon1[, What are vertical circles J What is the prime 
vertical ? What is the ecliptic } What are the equinoxes 7 The vernal equhiox ? The 
autumnal equinox? How is tiie ecliptic situated with respect to the equinoctial 7 What 
Is the obliquity of the ecliptic? DescrOietTte manner in which thU angle varies. De- 
scribe the division of the ecliptic into signs. How much, at a mean rate, does the Bun 
advance in the ecliptic every monthly What is the aodlac? What are parallels of 
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flrawn on the Earth's surface, north and south of the equator, 
and parallel to it. 

Parallels of Declination are small circles, imagined to bci 
drawn on the concave surface of the heavens, north and south 
of the equinoctial, and parallel to it ; or they may be consid- 
ered as circles formed by producing the parallels of latitude 
to the heavens. 

The Tropic of Cancer is a small circle, which lies 23^*^ 
north of the equinoctial, and parallel to it. The Tropic of 
Capricorn is a small circle, which lies 23^° south of the 
equinoctial, and parallel to it. On the celestial sphere, these 
two circles mark the limits of the Sun's farthest declination 
north and south. On the terrestial sphere, they divide the 
torrid, from the two temperate zones. That point in the - 
ecliptic which touches the tropic of Cancer, is called the Sum^ 
mer Solstice ; and that point in the ecliptic which touches 
the tropic of Capricorn, is called the Winter Solstice. ■ 

The distance of these two points from the equinoctial, is always equal to the 
obliquity of the ecliptic, which, in round numbers, is 23c° ; but as we have seen 
the obliquity of the ecliptic is continually changing ; therefore the position of the 
trc^ics must make a correspondent change. 

The Colures are two great circles which pass through the 
poles of the heavens, dividing the ecliptic into four equal 
parts, and mark the seasons of the year. One of them passes 
through the equinoxes at Arie^ and Libra, and is thence 
called the Equinoctial Colure ; the other passes through the 
solstitial points or the points of the Sun's greatest declination 
north and south, and is thence called the Solstitial Colure., 

The Sun is in the equinoctial points the 21st of March and the 23d of Septem 
ber. lie is in the solstitial points the 22d of June and the 22d of December. 

The Polar Circles are two small circles, each about 66^° 
from the equator, being always at the samei distance from the 
poles that the tropics are from the equator.* The northern is 
called the Arctic circle, and the southern the Antarctic 
circle, i 

Meridians are imaginary great circles drawn through the 
poles of the world, cutting the equator and the equinoctial at 
right angles. 

Every place on the Earth, and every corresponding point in the heavens, is 
considered as having a meridian passing through it j although astronomers apply 

What are parallels of declination ? What is the tropic of cancer? What Is t^e tropic 
of capTlcomi What is the summer solstice J Wliat is the winter solstice? i W?iai U 
their dUtance from the equator, compared with the obliquity of the ecliptic 1 la thU 
dUtance always the samel What are the colures? What is the equinoctial colure? 
What is the solstitial colure ? On what days of tho year is the sun in the equinoctial 
points ? On what days, is he in the solstitial points ? i What axe the polar circles 7 By 
what names, are they distinguished? What are meridians?. Uow rwmy meridiana 
are there ? How many, do astronomers apply to the heavens 7 
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rmi 534 to the heavens, thus divicBng the -whole concave Buxface into 91 8ection% 
each 15° in width. Theses meridians maxic the space which the heavenly bodies 
appear to describe, every hour, for the 24 hours of the day. They are tlience 
sometunes denominated Hour Circlea. 

In measuring distances and determining positions on the Earth, the equator, 
and some fixed meridian, as that of Greenwich, contain the primary starting 
points ; in the heavens, these points are in the ecliptic, the equmoctial^ and that 
great meridian which passes through the first point of Aries, called the equinoc- 
tial colure. 

I Latitvde on the Earthy is distance north or south of the 
, equator^ and is measured on a meridian. 
{ Latitude in the Heavens^ is distance north or south of the 
ecliptic^ and at right angles with it 

Ltongitvde on the Earthy is distance either east or west 
from some fixed meridian, measured on the equator. 

Longitude in the Heavens^ is distance east from the fii'st 
point of Aries, measured on the ecliptic. 

Declination is the distance of a heavenly body either north 
or south of the equinoctial, measured on a meridian. 

Right Ascension is the distance of a heavenly body east 
from the first point of Aries, measured on the eqmnoctial. 

It is more convenient to describe the situation of the heavenly bodies by their 
declination and right ascension, than by their latitude and longitude, smce the 
former correspond to terrestrial latitude and longitude. 

Latitude and declination may extend 90° and no more. Terrestrial longitude 
may extend 180° either east or west ; but celestial longitude and right ascen- 
sion, being reckoned in only one direction, extend entirely round the circle, or 
360°. 

In consequence of the Earth's motion eastward in its orbit, 
the stars seem to have a motion westward, besides their 
apparent diurnal motion caused by the Earth's revolution on 
its axis ; so that they rise and set sooner every succeeding 
day by about four minutes, than they did on the preceding. 
This is called their daily acceleration. It amounts to just 
two hours 2l month. 

Example.— Those stars and constellations which do not rise until 10 o'clock 
this evening, will, at the same hour, one month hence, be 30° above the 
horizon ; and, for the same reason, those stars which we see directly over head 
this evening, wiU at the same hour, three months hence, be seen settini; in ihe 
west ; having in this time, performed one fourth of their apparent annual revo- 
lution. 

The following table oi sidereal revolutions, shows the difference between solar 
and sidereal time. The first column contains the numbers of complete revolu- 
tions of the stars, or of the Earth's rotation on its axis; the second exhibits the 

Into how many sections, do these meridians divide the concave surface of the heavens 1 
C^what width are these sections 1 Why are these meridians sometimes called hour cir- 
cles ? In measuring distances on the Earthy what circles amtain the primary starting 
points 7 Where are these points in measuring distaiyus in the heavens? What Is la- 
titude on the Earth? "What is latitude In the heavens ?lWhat Is longltuile on the Earth? 
"What is longitude in the heavens? What Is declination? "What Is ripht ascension? 
Why is it more convenient to describe the situation of the heavenly bodies by their de- 
clination and right ascension, than by their latitude and longitude 7 How many de- 
gree:! may latitude and deGlination extend 7 How many terrestrial longitude 7 Ho",o 
many celestial longitude 7 •What is meant by the dally acceleraUon of the stars ? To 
how many minutes does it amount? Illustrate this stOJect with an exmnple, 

3* 
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times in which these revolutions axe msde ; and the third, shows how much 
the Stars gain on the Sun every day— that is, how much sooner they rise and 
come to the meridian every succeeding day, than they did on the preceding 
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On this account, we have not always the same constella- 
tions visible to us throughout the year. While some, that 
were not visible before, are successively rising to view in the 
east, and ascending to the meridian, others sink beneath the 
western horizon, and are seen no more, until, having passed 
through the lower hemisphere, they again reappear in the east. 

It is easy to convert right ascension into time, or time into right ascension : 
for if a heavenly body is one hour in passing over 15°, it will be one fifteenth of 
an hour, or 4 minutes, in passing over 1°. 

If the first point of Aries be on the meridian at 12 o'clock, the next hour line, 
which is 15° E. of it, will come to the meridian at 1 o'clock ; the second hour 
line at 2 o'clock ; thi third at 8, &c. Of any two bodies whose right ascensions 
are given, that one willpasathe mcridian^rfi^ which has the least right ascension. 

The first riiap of the atlas represents, upon a large scale, 

a general view of the lolar system. 

This will be more fully described in the Second Part of the work. 

Do we always see the samp constellations? Explain themanner qf converting right 
aacenaion into time, and time i/r^o right ascmnon. t 
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The next six maps represent different sections of the concave 
surface of the heavens. The fijgt of these exhibits /he principal 
constellatioDs visible to us in pptober, November and Decem- 
ber J the second, those visibie^nJanuary, Febniary ai^ March ;% 
the third, those visible in ^pril, May and Jane;)a^d the^ 
fourth, those visible inpulr. August and September ;} with 
the exception, however, 'of Ane constellations which )ie be- 
yond the 50th degree of nor^ and south declination, of which, 
mdeed, those around the North Pole are always^ and those 
around the South Pole, never, visible to us^ 

T hese constellations are represented on thesixth and seventh 
maps, called circumpol^ maps, which are an exact continib- 
ation of the ethers, andmf joined to them at their correspond- 
mg degrees of right ascension and declination, they mi^ht be 
considered as constituting one map.\ Thejscale on which all 
the above-mentioned maps are drawn isfthat of a 16 inch 

f lobe A The lines drawn on the maps have been already de- 
ned jrand their use, being nearly the same with those in 
Geography, will be readily understood. Those which are 
drawn Irom right to left, on each side of the equinoctial and 
parallel to it, are called Parallels of Declination. Those 
which are drawn up and down through the maps, at intervals 
of 15<^, are called Meridians of Bight Ascension, or Hour 
Circles. The scale at the top and bottom of the first four 
maps, and in the circumference of the cLrcumpolar mapsJin- 
dicates the daily progress of the stars in right ascension, and 
shows on what day of the month any star will be on the me 
ridian at 9 o'clock in the evening. \ 

The constellation called the Great Bear is an exception to this rale ; in thii 
constellation the principal stars are marked in the order of their right ascension. 

That point of projection for the maps which would exhibit each successive 

/Dortion of the heavens directlv over head at 9 o'clock in the evening, was chosen, 

, /Because in summer at an earlier hour the twilight would bedim our observation 

T>f the stars, and at other seasons of the year it is easier to look up to stars that 

want an hour of their meridian altitude than to those which are directly over 

head.\ 

It will be readily seen that the stars are so represented on the maps as to show 
Aeir relative magnitudes. ?The method inventedby Bayer, of designating them 
&y the letters of the Greek and Roman alphabet8,\s adopted. Thus in each con- 
■tellation the stars are marked alpha, beta, &C.7 and should the*letter8 of the 
Greek alphabet be exhausted, those of £he Roman are employed. Borne of the 
stars have also proper names. , 

The first four maps of the heavens are so constructed that the 

For what months does the first map represent the heavens ? For what months does 
the second map represent the heavens? The third 1 The fourth 1 What constellations 
are represented on the sixth and seventh maps 7 In what manner must these six maps 
be arranged to fnnn one complete map of the heavens 1 On what scale axe these maps 
dmwn? What is the use of the scale at the top and bottom of the first (bur maps, and 
In the circumference of the clrcumpolar maps ) W?ty toaa that point qf pr«i«etion for 
the map9, which tomtld repregent each tueeeasive portion of the heaoena direeOy over 
head at 9 o'clock in the eoeninsr, cho$en 7 What i» the method bywMeh theMnare 
designated on the mape 7 How must the pupil, in using either of the first fimx wusa* 
Imagine himself to stand and to hold it? 



32 PRELIMINARY CHAPTER. 

pupil in using thenmust suppose himself to face the south, aud 
to hold them directly over head in such manner that the top of 
the map shall he towards the north, and the bottom towards 
the south ; the right hand side of the map will then be west, 
and the left hand emtj In using the curcumpolar mapsl^e 
must suppose himself lo face the pole, and to hold them m 
such a manner that the day of the given month shall be up< 

Eermost.^ The Celestial rlanisphere jf*epresents the whole 
eavens lying between 70 degrees of north and south decli- 
nation, not as the surface of a concave sphere, but of a con- 
cave cylinder, and spread out so as to form a plain surface^ 
A great variety of interesting problems, inoluding almost all 
those that are peculiar to the celestial globe, may be solved 
upon it with facility and readiness. 

We may now imagine the pupil ready to begm the study 
of the visiole Heavens. The first thing of importance is (to 
fix upon the proper starting point\ This, on many accounts, 
would seem to be the North PoIot Star, j Its position is ap- 
parently the same every hour of the night throughout the 
year, while the other stars are continually moving. Many of 
the stars also in that reorion of the skies never set, so that 
when the sky is clear, they may be seen at any hour of the 
nighty They revolve about the Pole in small circles, and 
never'disappear below the horizon. On this account they are 
said to be within the circle of perpetual apparition. On the 
other handjthe identity of the North Polar Star, strange as 
it may appSlr, is not so easily determined, by those who are 
just entermff upon this study, as that of some olhers.J For 
this reason,|the point directly over kectd, called the zenith,** 
is preferable^ince upon this point every one can fix with cer-' 
tainty in whatever latitude he may be.'' It will be alike to all 
the central point of the visible heavens, and to it the pupil 
will learn imperceptibly to refer the bearing, motion, and dis- 
tances of the heavenly bodies. 

• That meridional point in each map, whose declination corresponds with 
the latitude of the place of observation, represents the zenith of the heavens 
at that place^ ana those constellations of ^stars which occupy this position 
on the maps, will be seen directly over headlit 9 o'clocls in the evening of the 
day through which the meridian passes.-r-Thus in Georgia, for instance, tlie 
starting pomt should be those stars which are situated in this meridian near the 
33d degree of north declination, while in New England it should be those which 
are miuated in it near the 42d degree. 

How, in using the circumpolaT maps? Describe the construction and use of the Co< 
lestial Planisphere. When the pupilis ready to begin the study of the visible heav- 
ens, what is the first step to be taken? What advantages has the North Polar Star, as 
a pmper starting point? What disadvantages ? What point is preferable to the Polar 
Stan Why Is it preferable? Hoio may the point corresponding to this befownd upon 
the maps 7 At what time in the evening, will the stars which are near this point on 
the maps, be seen directly over head ? Is it indispensably necessary to begin with the 
f tars near this central merldlani 
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Wo might, kowever, hesia with the stars near either of the 
meridians represented on me maps, the only rule of selection 
beingjto commence at that which approaches nearest to being 
over head at the time required./ 

We have chosen for our starting point in this workj that 
meridian which passes through the yemal eq[ainox at the first 
point of Aries/not only Jbecause it is the mendian from which 
the distances of all the heavenly bodies are measured ; but 
especiallyibecause the student will thus be enabled to observe 
and compare the progressive motion of the constellations ac- 
cording to the order in which they are always arranged in 
catalogues, and also to mark the constellations of the Zodiac 
nassing over head as they rise 'one after another in their or- 
der, and to trace among them the orbits of the Earth and of 
the other planets. ^ 

As Greek letters bo frequen^T occur in catalognes and maps of the ttam and 
onthe celestial globes, the Gredk aIphiJ>et is here introduced for the use of those 
who are unacquainted with it. The capitals are seldom used for designating tha 
stars, but are here given for the sake of regularity. 
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In 1603, John Bayer, of Augsburg, in Germany, published a complete Atlas of 
^ the constellations, with the useful invention of denoting the stars in every 

What is the only rule of selection 7 What is the starting point chosen for thlsworld 
What advantages has this merl-dian as a startbig point) 
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eonstellBtion by the letters of the Greek and Roman Alphabets ; assigning the 
Greek letter a to the principal stars in each constellation, ^ to the second in 
magnitude, y to the third, and so on ; and when the Greek alphabet was ex- 
hausted, the notation was carried on with the Roman letters, a, 6, c, Sec. That 
tlfe memonr might not be perplexed with a multitude of names, this convenient 
method of designating the stars has been adopted by all succeeding astronomers, 
who have &rther enlarged it by the Arabic notation, 1, 2^ 3, &c. whenever the 
stars in the constellations outnumbered both alphabets. 
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GEOGRAPHY OF THE HEAVENS. 



CHAPTER I. 

DIRECTIONS FOR TRACING THE CONSTELLATIONS WHICB ABE Oil 
THE MERIDIAN IN NOVEMBER. 

ANDROMEDA. 

Ip we look directly over head at 10 o'clock, on the 10th fv 
November^^we shall see the constellation celebrated in fable, 
by the name of Andromeda^ It is represented on the ma|f by 
the figure of a woman haying her arms emended, and chamed 
by her wrists to a rock.) It is bounded^, by Cassiopeia, £. 
by Perseus and the head of Medusa, and S. by the Triangles 
and the Northern Fish.^ It is situated between 20<^ and 60® 
of N. declination. Its mean right ascension is nearly 15° ; 
or one hour E. of the equinoctial colure. ) 

fit consists of 66 visible stars, of which three are of the 2d 
mWnitude, and two of the 3d ; most of the rest are small/ 

(The stars directly in the zenith, are too small to be seen in 
the presence of the moon, but the bright star Almaack, of the 
2d magnitude, in the left foot, may be seen 13^ due E., and 
Merach, of the same magnitude, in the girdle, 7° south of the 
zenith. This star is then nearly on the meridian, and with 
two others N. W. of it forms the girdle.) 

The three stars forming the girdle are of the 2d, 3d, and 
4th magnitude, situated in a row, 3® and 4^ apart, and are 
called Merach, Mu and Nu. 

jTAbout 2° from Nu at the northwestern extremity of the 
girdle, is a remarkable nebula of very minute stars, and the 
only one of the kind which is ever visible to the naked eye. It 
resembles two cones of light, joined at their base^ about j^ in 
length, and ^o in breadth.^ 

If we look directly- over head at 10 o'clock on the lOth of Novenlber, what constella* 
tfon shall we see ? How is it repxesented on the map ? How is it bounded? What are its 
r^ht ascension and declination) How many visible stars has It? Describe the ciidto 
or Andromeda. Describe Ute appearance of a remarkable nebula which Ilea at ttti 
northwestern extremity. 
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f If a straigfit line, connecting Almaack with Merach, be 
produced southwesterly, 8° farther, it will reach to Delta^ a^ 
star of the 3d magninide in the left breast. ( This star may 
be otherwise known^y its forming a line, N. and S. with 
two smaller ones on either side of it ; or, by its constituting, 
with two others, a very small triangle, S. of it. I 

^Nearly in a line with Almaack, Merach and Delia, but 
curving a little to the N. 7° farther, is a lone star of the 2d 
magnitude, in the head, called Alpheratz. This is the N. E. 
comer (^ the great " Square of Pegasus," to be hereafter de- 
scribed.^ 

It will be well to hare the position of Alpheratz well fixed in the mindibecausa 
it is but one minute west of the great equinoctial colure, or first meridian of tke 
heavens, and forms nearly a right line with Algenib in the wing of Pegasus. 14° 
B. of it, and with Beta in Cassiopeia, 30° N. of it. If a line, connecting these three 
stars, be produced, it will terminate in the pole. These three guides, in connex- 
ion with the North Polar Star point out to astronomers the position of that great 
circle in the heavens from which the right ascension of all the heavenly bodies 
is measured.\ 

History— The story of Andromeda, from which this constellation derives its 
name, is as follows : She was daughter of Cepheus, king of i^thiopia, by Cassio- 
peia. She was promised in marriage to Phineus, her uncle, when Neptune 
drowned the kingdom, and sent a sea monster to ravage the country, to appease 
the resentment which his favourite Nymphs bore against Cassiopeia, because 
she had boasted herself fairer than Juno and the Nereides. The oracle of Ju- 
piter Ammon was consulted, and nothing could pacify the anger of Neptune 
unless the beautiful Andromeda should be exposed to the sea monster. She was 
accordingly chained to a rock for this purpose, near Joppa, (now Jaffa, in Syria,) 
and at the moment the monster was going to devour her, Perseus, wiix> was then 
returning through the air from the conquest of the Gorgons, saw her and was 
captivated by her beauty. 

"Chained to a rock she stood ; young Perseus stay'd 
His rapid flight, to woo the beauteous maid." 

He promised to deliver her and destroy the monster if Cepheus would give 
her to him in marriage. Cepheus consented, and Perseus instantly changed the 
sea monster into a rock, by showing him Medusa's head, which was still reeking 
in his hand. The enraged Phineus opposed their nuptials and a violent battle 
ensued, in which he, also, was turned into a stone by the petrifying influence oi 
the Gorgon's head. 

The morals, maxims, and historical events of the ancients, were usually com- 
municated in fable or allegory. The fable of Andromeda and the sea monster, 
might mean that she was courted by some monster of a sea-captain, who at- 
tempted to carry her away, but was prevented by another more gallant and suc- 
cessful rival 



PISCES. 

The Fishes.-— This constellation is now the/first in orde^ 
of the 12 constellations of the Zodiac j\and is usually repre- 
sented by^wo fishes tied a considerable distance apartjat the 
extremities of a long undulating cord, or riband, ^t occupies ^ 

Describe the magnitude and position of Delta. How may this star be otherwise 
known 7 Describe the position and ma^itude of Alpheratz. What position does this 
star occupy in the great square of Pegasus 7 Why is it important to have the position 
fif this star u>eU Jlxed in the mind 7 What is the present order of the Fishes among^ 
the consteUations of the Zodiac 7 How is it represented ? Describe its outline and space 
in the hearens. 
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a large tnangular space in the heavens, and its outline at first 
is somewhat difficult to be traced.]^ 

In consequence of the annual precession of the fltars. the eofuteOation Pisceg 
has now come to occupy the sign Aries ; each constellation havinff advanced 
.n:e whole sign in the order of the Zodiac. The sun enters the sign Pisces, 
while the earth enters that of Virgo, about the 19th of February, but he does not 
reach the constellation Pisces before the 6th Qf March. The Fishes, therefore, 
are now called the " Leaders of the Celestial Hosts." — See Aries. 

j^hat loose assemblage of small stars directly south of 
Nierach, in the constellation of Andromeda, constitutes the 
Northern Fish^ whose mean length is about 16®, and breadth, 
70 Its mean right ascension is 15°, and its declination 250 
N7 Consequently, it is on the meridian/Bie 24th of Novem- 
ber ; an^, from its breadth, is more than a week in passing 
over itj The Northern Fish and its riband, beginning at 
Meracn, may, by a train of small stars, be traced^ a S. S. 
easterly direction, for a distance of 33°, until' we come to the 
!<tar El Rischa, of the 3d magnitude, which is situated in the 
node, or Jlexitre of the riband. -• This is the principal star in 
the constellation, and is situated 2°N: of the equinoctisd, and 
ii3 miimtes east of the meridian. 

^even degrees S. E. of El Rischa/passing by three or foar very small stars 

ue to Mira, in the WhaJf , a star of about the 3d magnitude, and known as 

Vonderful Star of 1596.'J F.1 Rischa may be otherwise identified bv meant 



we couK 
c rH-reni 



laricable clu'^ter of five stars in the form of ^ pentagon, about li>° E. of 
•i. — ,Sce Cettu. 

From El Rischa the ribahd or cord makei a sudden flepcure, 
(i(>!ibliiig back acro*^.^ the ecliptic, where we meet withfthree 
f t.Ars of the 4th and 5th magnitude situated in a row 3° and 
X'-" apart, marked on the map Zeta, Ep=dlon, DeltaJ From 
Delta the riband runs north and westerly along the Zodiac, 
and terminates at Beta, a star of the 4th magnitude, 11© S. 
of jMarkab in Pegasus^ 

This part of the riband includingjhe Western Fish at the 
end of it, has a mean declinationi^ 5° N., and may be seen 
I'lroughout the month of November, passing the meridian 
slowly to the W., near where the sun passe;! it on the 1st of 
Aprilj Twelve degrees \V. of thi? Fisk^Uiere are 4 small 
stars situated in the form of the letter ^ The two Fishes, 
5ind the cord between them, fiaake two sides of a large 
trijingle, 30=* and 40° in length^ the open part of which is 
towards the N. Wy When the Northern Fish is on the 

'.vnnt are the size and position of the Northern Fish ? When, and how long is it on the 
i:-rlJi.in? How may it be traced? What is the principal star In this constellation, and 
V. :i<jre i 5 it situated ? How far, and in what direction from Arlnha, is Mira, in the Whale ? 
B ->' w hat peculiar appellation is this star known ? What is. the direction of thertband Ttvat 
.\ IphH ? What stars do we meet with, where the riband douhles Ijack across the eclip- 
t! : ^ What fs the Jirection of this part of the riband fr-^m Delta, and where does it ter- 
I inre? Wh^t are its mean declination, and the time of Its passing the meridian? What 
striding cluster is seen iUwU 12° W. of the West^^m Pish? What geometrical fisuro 
lavy he -onceivel to b3 formed by the two Fillies Pnd the conl between tViom'f Whew 
Is tj)« Western Fish when the Northern is on the meridian t 

4 



38 PICTURE OF THE HEAVENS. [noV. 

meridian, the Western i^early 2 hours past it} This con- 
stellation is bounded N. oy Andromeda, W. by Andromeda 
and Pegasiis, S. by the Cascade, and E. by the Whale, the 
Ram and the Triangles. 

When, to enable the pnpil to find any star, its direction from another is "jiven, 
the latter is always understood to be on the meridian. 

After a little experience with the maps, even though unaccompanied by di- 
rections, the mgenious youth will be able, of himself to devise a great many ex- 
pedients and fisiciliUes for tracing the coustellalions, or selecting out pai'ticular 



HisTORT. — ^The ancient Greeks, who have some fable to account Tor the ori- 

£1 of almost every constellation, say, that as Venus and her son Cii^id were one 
y on the banlcs of the Euphrates, they were greatly alarmed at the appearance 
of a tcrriUe giant, named Typhon. Throwing themselves into the river, they 
were changed into fishes, and by this means escaped danger. To commemorate 
this event, Minerva placed two fishes ainon^ the stars. 

According to Ovid, Homer, and Virgil, this Typhon was a famous giant He 
had a hundred heads, lilce those of a serpent or dragon. Flames of devouring 
fire darted from his mouth and eyes. He was no sooner bom, than he maae 
war against heaven, and so frightened the gods, that they fled and assumed dif- 
ferent shapes. Jupiter became a ram ; Mercury, an ibis ; Apollo, a crow ; Juno, 
a cow ; Bacchus, a goal ; Diana, a cat ; Venus, a fish, &c. The father of the 
gods, at least, put Typhon to flight, and crushed him under Mount ^tna. 

The obvious sentiment implied in the fable of this hideous monster, is evi- 
dently this : that there is in tne world a description of men whose mouth is so 
"full of cursing and bitterness," derision and violence, that modest virtue is 
sometimes forced to disguise itself, or flee from their presence. ^ 

In the Hebrew Zodiac, Pisces is allotted to the escutcheon of Simeon. 

No sign appears to have been considered of more malignant influence than 
Pisces. The astrological calendar describes the emblems of this constella/tion 
as indicative of violence and death. Both the Syrians and Egyptians abstained 
firom eating fish, out of dread and abhorrence : and when the latter would re- 
present any thing as odious, or express hatred by hieroglyphics, they painted a 
Jish. 

In using a circumpolar map, face the pole, and hold it up in your hands in 
such a manner that the part which contains the name of the given monthr shall 
be uppermost, and you wiU have a portraiture of the heavens as seen at that 
time. 

The constellations about the Antarctic Pole are not visible in the United 
States ; those about the Arctic or northern pole, are always visible. 



CASSIOPEIA. 

^Cassiopeia is represented on the celestial map, in regal 
state seated on a throne or chair, holding in her left hand the 
branch of a palm tree. Her head and body are seen in the 
Milky Way. Her foot r^a|,^ upon the Arctic Circle, upon- 
which her chair is placedJTShe is surrounded by the chiei 
personages of her royal fanEQy. The king, her husband, is 
on her right hand — Perseus^ her son-in-law, on her left — and 
Andromeda, her daughter, just above her.^ 

This constellation is situated ^6^. N. or Andromeda, and 
midway between.il and the North Polar Star.) It may be 

Wbatavi 1a» bcnaixh $8 of this constellation 1 How is the constellation Cassiopeia 
f^tmOtH^ >i ba ra« By whom is she surroundedl How Is this constellation 
«kMS*t A ^MMW X' VKnedaand the polar star! 
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seen, from our latitude^t all hours of the night, and may be 
traced out at almost any season of the year.*^ Its mean decli- 
nation is 60° JV. and its right ascension 12°. It is on our, 
meridian the^2d of Novemb^, but does not sensibly change 
its oQsition fer several daysji for it should be remembered 
thamhe apparent motion orihe stars becomes slower and 
slojver, as they approximate the poles.^ 

(Cassiopeia is a beautiful constellation^ containing 55 stars 
that are visible to the naked eye ; of which five are of the 3d 
magnitude, and so situated as to form, with one or two 
smaller ones, the figure of an inverted chair^ 

" Wide her stars 

Dispersed, nor shine with mutual aid improved { 
Nor dazzle* brilliant with contiguous flame.: 
* Their niunber fifty-five." 

(jOaph, in the garland of the chair, is almost exactly in the 
equinoctial colure, 30° N, of Alpheratz, with which, and the 
Polar Star, it forms a straight linej ^See nofe to Androme- 
da.'] Caph is therefore on the men^ian the^lOth of Novem- 
ber, and one hour past it o^^jthe 24thy It is the westermnost 
star of the bright cluster, ^hedir*, m the breast, is the up- 
permost star of the five bright ones, and is 5° S, E, of Caph 5 
the other three bright ones, forming the chair, are easily dis- 
tiqguished, as they meet the eye at the first glance. 

There is an importance .attached to the position of Ca]^h 
that concerns the mariner and the surveyor. It is used, in 
connexion with observations on the Polar Star, for determi- 
ning the latitude of places, and for discovering the magnetic 
variation of the needle. 

It is generally supposed that the North Polar Star, so called, is the real immove- 
able pole of the heavens ; but this is a mistake. It is 80 near the true |>ole that 
it has obtained the appellation of the North Polar Star; but it is, in reality, more 
than a degree and a half distant from it, and revolves about the true nole every 
5i4 hours, in a circle whose radius is 1° 35'. It will consequently, in 24 hours, be 
twice on the meridian, once a^ore, and once beUno the ^wle; tuad twice at its 
greatest elongation E. and W. {See North Polar Star.^ 

The Polar Star not being exactly in the N. pole of the 
heavens, but one degree and 35 minutes on that side of it 
which is towards Caph, the position of the latter becomes 
miportant as^t always shows on which side of the true pole 
the polar star is^ 

There is anJmer important fact in relation to the position 

* Shedir, from El Seder, the Seder tree ; a name given to this constellation by 
Ulugh Beigh. 

When may It be seen from this latitude ? When Is it on our meridian ? How is tho 
moUon of the stars aflSected as thev approach the poles ? Huw many principal stars In 
tbis constellation, and what is their appearance? Describe the 8ituatl<m of Cafh. 
When is Caph on the meridian J What fi the relative position of Shedir J WhylsttM 
posiUon of -Caph Important) 
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of this Star. It is equidistant from the pole, and exactly op- 
posite another renmrkable star in the square of the Great 
Bear, on the other side of the pole. ^See Megrez.'] It also 
serves ta mark a spot in the starry heavens, rendered memo- 
rable asfteing the place of a lost star. Two hundred and fifty 
years agB, a brignL star shone 5° N. N. E. of Caph, where 
now is a dark void !^ 

(On the 8th of November, 1572, Tycho Brahe and Corne- 
lius Gemma saw a star in the constellation of Cassiopeia, 
which became, all at once, so brilliant, that it surpassed the 
splendour of the brightest planets, and might be seen eveji at 
noonday ! Gradually, this great brilliancy diminished, until 
the 15th of March, 1573, when, without moving from its place, 
it became utterly extinct.) 

/j[ts colour, during this time, exhibited all the phenomena 
or a prodigious flame — first it was of a dazzling white, then 
of a reddish yellow, and lastly of an ashy paleness, in which 
its light expired. It is impossible, says Mrs. Somerville, to 
imagine any thing more tremendous than a conflagration that 
could be visible at such a distance.^ It was seennbr sixteen 
nmnths.^ 

/^ome astronomers imagined that it would reappear again 
alter 150 years; \mX it has never been discovered since.) 
This phenomenon (alarmed all the astronomers of the age, 
who beheld it A ana* many of them wrote dissertations con- 
cerning it. 

Rev. Professor Vince, one of the most leaj:ned and piou:^ 
astronomers of the age, has this remark : — \The disappear- 
ance of some stars may be the destruction of that syi^:tem ai 
the time appointed by the Deity for the probation of its in- 
habitants 5 and the appearance of new stars may be the for 
mation of new systems for new races of beings then called 
into existence .to adore the works of their Creator.') 

Thus, we may conceive the Deity to have been employed from all eternity, 
and thus he may continue to be employed for endless ages ; forming new sys- 
tems of beings to adore him ; and transplanting beings already fomsed into hap- 
pier regions, who will continue to rise higher and higher in'thcir ciijoymenls, 
and go on to contemplate system after system through the boundless universe. 

La Place says : — "As to those stars which suddenly shine forth with a very 
vivid light, and then iuunediately disappear, it is extremely probable that great 
conflagrations, produced by extraordinary causes, lake place on their surface. • 
This conjecture, continues he, is confirmed by their change of colour, which is 
analogous to that presented to us on the earth uy those bodies which are set on 
fire and then gradually extinguished." > 

The late emment Dr. Good also observes that-|World.s and systems of worlds 

What memorable spot does Caph serve to mark outj Describe the phenomenon of 
the lost star. What does Mrs. Somerville say of it? How long was it seen? Has any 
thing been discovered of it since 7 How did this phenomenon affect the astrouomer.s 
of the age 1 What does Vtaice say of the disappearance of some stars, and the new ap- 
peazaace of others? Repeat the dbeenatioM <ifDr. Good upon the atOff'ect qfneie stare 
etppea rln g and Ateappearing. 
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Ire not only perpetually creating, but also perpetually disappearing. It is an 
biraordinary fact, that within the period of the last century, not less than ttair* 
«;en stars, in different constellations, seem to have totally perished, and ten new 
ones to have been created. In many instances it is unquestionable, that the start 
themselves, the supposed habitation of other kinds or orders of intelligent be- 
ipgs, together with the different planets by which it is probable thev were sur- 
rounded, have utterly vanished and the spots which they occupied in the hear 
vcns, have become blanks ! What has befallen other systems, will assuredly 
befall our own. Of the time and the manner we know nothing, but the fact if 
incontrovertible; it is foretold by revelation; it is inscribed in the heavens; it 
is felt through the earth. Such is the awful and daily text ; what then ought to 
be the comuienti j 

The great and go#d Beza, falling in with the superstition of his ase, attempted 
to prove that this was a comet, or the same luminous appearance which conduct- 
ed the magi, or wise men of the East, into Palestine, at the birth of our Saviour 
andthat it now appeared to announce his second coming !) 

^bout 6° N. W. of Caph, the telescope reveals to us a 
grand nebula of small stars, apparently compressed into one 
mass, or single blaze of light, with a great number of loose 
stars surrounding itj) 

HisTosT.— Cassiopeia was wife of Cepheus, king of Ethiopia, and mother of An> 
dromeda. She was a queen of matchless beauty, and seemed to be sensible of it; 
for she even boasted herself fairer than Juno, the sister of Jupiter, or the Nerei- 
des—a name given to the sea nymphs. This so provoked the ladies of the sea that 
they complained to Neptune of the in&ult, who sent a frightful monster to ravage 
her coast, as a punishment for her insolence. But the anger of Neptune and the 
jealousy of the nymphs were not thus appeased. They demanded, and it waa 
finally ordained that Cassiopeia should chain her daughter Andromeda, whom 
she tenderly loved, to a desert rock on the beach, and leave her exposed to the 
fuiY of this monster. She was thus left, and the monster approached ; but joaC 
as he wa«i going to devour her, Perseus killed him. 
"The saviour youth the royal pair confess. 
And with heav'd hands, their daughter's bridegroom bless." 

Eusden'a Otid. 



CEPHEUS. 

' QUepheds is represented on the map as a king, in his royal 
robe, witha sceptre in his left hand, and a crown of stars upon 
his head^He stands in a commanding posture, with his left 
foot oveftke pole, and his sceptre extended towards Cassio^ 
peia, as if for favour and defence of the queen.) 

"Cepheus illumes 

The nei^hbourim; heavens ; still faithful to his queen, 
With thirty-five iaint luminaries mark'd." 

This constellation is about^S^ N. W. of Cassiopeia, near 
the 2d coil of Draco, and is on the meridian at 8 o'clock the 
3d -of November; but it will linger near it for many days. 
Like Cassiopeia, it may be seen at all hours of the nigat, 
when the sky is clear, for to us it never sets?) 

By reference to the lines on the map, which all meet in the pole, it will be evi- 
dent that, a star, near the pole, moves over a much leaa space in one hour, than 

There Is a remarkable nebula In this constellation; describe its jiMaatton and a^ 
pearance.'v How is Cepheus represented J What is his posture 7 WVi^-^ * tfcH tan- 
stellation situated? 

4* 
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one at the equinoctial ; and generally, the nearer the pole, the nurrower the 
■pace, and the alouer the motton. 

The Btara that axe so near the pole may be better described by their polar 
dietancey than by their declination. By polar distance, is meant— the diatanee 
firoin the pole ; and is what the declination wants of 90^. 

In this constellation there ar^35 stars visible to the naked 
eye ; of these, there glitters on me left shoulder, a star of the 
3d magnitude, called Alderamin, which with two others of 
the same brightness, Qo^nd 12<^ apart, form a slightl>;-curved 
line towards the N. Ej^The last, whose letter name is Gam- 
ma, is in the ri^ht knee^ 19° N. of Caph, in Cassiopeia]|[^The 
middle one in &e line, is Alphirk. in the girdle. This star is 
one third of the distance from Alderamm to the pole, and 
nearly in the same right line^ 

It cannot be too well understood that the bearings, or direction of one star from 
another, as given m this treatise, are strictly applicable only when the former 
one is on, or near the meridian. The bearings given, in many cases, are not the 
least approximations to what appears to be their relative position ; and in some, 
If relied upon, will lead to errours. For example :— It is said, in the precedinj? 
paragraph, that Gamma, in Cepheus, bears 19° N. of Caph in Cassiopeia. This 
wtrue, when Caph is on the meridian, but at this very moment, while the author 
w writing this line, Gamma apj^ears to be 19° due west of Caph ; and six montlii* 
hence, will ai>pear to be the same distance east of it. The reason is obvious \ 
the circle which Cepheus appears to describe about the pole, is trithin that ol 
Cassiopeia, and consequently when on the east side of the pole, will be within, 
or between Cassiopeia and the pole — that is, west of Cassiopeia. And for the 
■ame reason, when Cepheus is on the west side of the pole, it is between thai 
and Cassiopeia, or east of it. 

Let it also be remembered, that m speaking of the pole., which we shr.II have 
frequent occasion to do, in the course of this work, the North Po^ar Star, or an 
imitfinary point very near it, is always meant ; and not as some will vaguely a))- 
prenead, a point in the horizon, directly N. of us. The true pole of the heavens 
IS always elevated just as many degrees above our horizon, as we are north of 
the Equator. If we Jive in 42° N. latitude, the N. pole will be 42° above our 
horizon. iSee North Polar Star.) 

(There are also two smaller stars about 9* E. of Alderamin 
and Alphirk, with which they form a square; Alderamin 
heingthe upper, and Alphirk. the lower one on the W. 8<^ 
apaitj In the centre of this square there is a bright dot, or 
semi-yisible star. 

The Jiead of Cepheus is (in the Milky-Way, and may be 
known by three stars of the 4th. magmtude m the crown, 
which form a small acute triangle, about 9^ to the right of 
Alderamin.VThe mean polar distance of the constellation is 
25°. while <nat of Alderamin is 28^ lOj The right a=?cension 
of the former is 338°; consequently, (iTis 22° E. of the equi- 
noctial colure^ 

The student will understand that right aacenmon is reckoned on the equinoc- 
tial, from the first point of Aries, E., quite round to the same point again, which 

Row many, and what are the principal stars in It? Describe the last star m the 
curve. Describe the middle one. Wliat four stars Ibrm a square in this constellation ? 
Where Is the bead of Cepheus, and how may It be known f What Is the mean polar 
dlitanoe of this constellation? How fer. and which way Is It ttcm the equinoctial 
Golure) 
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is 360°. Now 338°, measured from the same point, will reaeh the same point 
again, within 22<^ ; which is the difference between 360° and 328°. This rule 
will apply to any other case. 

History. — This constellation immortalizes the name of the king of Ethiopia. 
The name of his queen was Cassiopeia. They were the parents of Andromeda, who 
was betrothed to Perseus. Gepheus was one of the Argonauts who accompanied 
Jason on his perilous expedition in quest of the golden fleece. Newton supposes 
tiiat it was owing to this circumstance that he was placed in the heavens ; and 
that not only this, but all the ancient constellations, relate to the Argonautic ex- 
pedition, or to persons some way connected with it. Thus, he observes that as 
Mussus, one ot the Argonauts, was the first Greek who made a celestial sphere, 
he would naturally delineate on it those figures which had some reference to 
the expedition. Accordingly, we have on our globes to this day, the Golden Ram, 
the ensign of the ship in which Phryxus fled to Colchis, the scene of the Argo- 
nautic achievements. We have also the BtiU with brazen hoofs, tamed by Ja- 
son ; the Ttoins, Castor and Pollux, two sailors, vrith their mother Leda, in the 
form of a. Swan, and Argo, the ship itself; the watchful Dragon Hydra, with the 
Cup of Medea, and a raven upon its carcass, as an emblem of death ; also Cfa- 
Ton, the Master of Jason, with his -Attar, and Sacrifice; Hercules, the Argonaut, 
with his club, his dart, and vuiture, with the dragon, crab and lion which he slew ; 
and Orpheus, one of the company, with his harp. All these, says Newton, refer 
to the Argonauts. 

Again ; we have Orion, the son of Neptune, or, as some say, the grandson of 
Minos, with his dogs, and hare^ and river, and scorpion. We have the story of 
Perseus in the constellation of that name, as well as in Cassiopeia, Cepheus, An- 
dromeda and Cetus ; that of Calisto and her son Areas, in Ursa Major; that ol 
Icareus and his daughter Erigone, in Bootes and Virgo. Ursa Minor relates to 
one of the nurses ofJupiter ; Auriga, to Erichthonius ; Ophiuchus, to Phorbas ; 
l<Ggittarius, to Crolus, tlie son of one of the Muses ; Capricorn, to Pan, and 
Aquarius to Ganymede. We have also Ariadne's croum, Bellerophon's horse, 
Neptime's dolphin, Ganymede's eagle, Jupiter's goat with her kids, the asses of 
Bacchus, the fishes of Venus and Cupid, with their parent, the southern fish. 
These, according to Deltoton, comprise the Grecian constellations mentioned by 
ihe poet Aratus ; and all relate, as Newton supooses, remotely or iaunediately, 
to The Argonauts. 

It may oe remarked, however, that while none of these figures refer to any 
transactions of a later date than the Argonautic expedition, yet the great diaa- 

frreement which appears in the mythological account of them, proves that their 
nvention must have been of greater antiquity than that event, and that these 
constellations were received for some time among the Greeks, before their poets 
referred to them in describing the particulars of that memorable exhibition. 



CHAPTER II. 

DIRECTIONS FOR TRACIN'j THE CONSTELLATIONS WHICH ARE ON 
THE MERIDIAN IN DECEMBER. 

ARIES. 
Th2 Ram. — Twenty-two centuries ago, as Hipparchus in- 
fonus us, this constellation(Sccupied the first sign in the 
ecliptic, commencing at the vernal equinoxj But as the con- 
stellations gain about 5C" on the equinox, at every revolution 
of the heavens, they have advanced in the ecliptic nearly 31° 
beyond it, or more than a whole sign : so that the Fishes now 

What was the poslUon of Aries In the ecUpUc 28 centuries agol 
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occupy the same place in the Zodiac^ that Aries did, in the 
time of Hipparchus ; while the constellation Aries ismow in 
the sign Taurus^ Taurus in Gemini, and Gemini in Cancer, 
and so on. 

Aries is therefore now the second constellation in the 
Zodiac. It is siluated/Rext east of Pisces, and is midway 
between the Triangles and the Fly on the N. and the head 
of Cetus on the Sj It contains 66 stars, of which, one is of 
the 2d, one of the 3d, and two of the 4th magnitudes^ 

"First, from the east, the Ram conducts the year ; 
Whom Ptolemy with twice nine stars adorns, 
Of which two only claim the second rank ; 
The rest, when Cynthia fills the sign, are lost." 

It is readily distinguished^y means of two bright stars in 
the head, about 4° apart, "die brightest being the most north- 
easterly of the twdjprhe firstj wnich is of the 2d magnitude, 
situatei in the righxhbrn, is^ called Alpha Arietis, or simply 
Arietis ; the other, which is of the 3d magnitude, lying near 
the left horn, is called SheratanJ and may be known by an- 
other star of the 4th magnitude, in the ear, 1^° S. of.it, called 
Mesarthim, Avhich is the Jirst star in this constellation.^ 

Arietis and Sheratan, are one instance out of many, where 
stars of more than ordinary brightness are seen together in 
pairs, as in the Twins, the Little Dog, &c., the brightest star 
Deing commonly on the east. 

The position of Arietis Jeffords important facilities to nau- 
tical science!) Difficult to comprehend as it may be, to the 
unlearned, the skilful navigator who should be lost upon an 
unknown sea, or in the midst of the Pacific oceau, could, by 
measuring the distance between Arietis and the Moon, which 
often passes near it, determine at once not only the spot he 
was in, but his true course and distance to any known meri- 
dian or harbour on the earth. 

(^Lying along the moon's path, there are nine ^conspicuous 
starsVhat are used by nautical men for determining their lon- 
gituoe at sea, thence called^aw^icaZ starsS 

These stars are CArieiis, Ahleharan, Pollux, Regulus^ 
Spica Virginis, Aniares, Altair, Fomalhaut, and Markab,} 

The true places of these stars, for every day in the year, are given in the Nau- 
tical Almanac, a valuable work published annually by the English "Board of Ad- 
miralty," to guide mariners in navigating the seas. They are usually published 
two or three years in advance, for the benefit of long voyages. 

That a man, says Sir John Herschel, by merely measuring the moon's appa- 
rent distance from a star, with a little portable instrument held in his hand, ami 

What is Its present position? How is It now situated with respect to the surround- 
ing constellations? What are the number and magnitude of its stars? How is this 
constellation readily distinguished ? Describe the two bright stars In the head. For 
what purposes is the position of some of the stars in Arietis important? How many 
stars are used for determining longitude at sea, and where are they situated ? By what 
general name are they called? Enumerate them 
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applied to his eje^ even with ao unstable a footing as the deek of a ship, shall say 
positively within five miles, where he is, on a boundless ocean, cannot bat appear 
to persons ignorant of physical astronomy, an approach to the miraculous. And 
yet, says he, the alternatives of life and death, wealth and ruin, are daily and 
hourly staked, with perfect confidence, on these marvellous computations. 

Capt. Basil Hall, of the royal navy, relates that he had sailed from Son Bias on 
the west coast of Mexico, and after a voyage of 8000 miles occupying eighty-nine 
days, arrived off Rio Janeiro, having in this interval passed through the Pacific 
ocean, rounded Cape Horn, and crossed the South Atlantic without making any 
land or seeing a single sail on the voyage. Arrived within a few days' sail of 
Rio, he took a set of lunar observations, to ascertain bis true position, and the 
bearing of the harbour, and shaped his coarse accordingly. ''■ I hove to," says 
he, " at 4 in the morning, till the day should break, and then bore up ; for 
although it was hazy, we could see before us a couple of miles or so. Aoout 8 
o'clock it became so foggy that 1 did not like to stand in farther, and was just 
bringing the 6hip to the wind again before sending the people to breakfast, when 
it suddenly cleared off, and I had the satisfaction of seeing the great Sugar-loai 
rock, which stands on one side of the harbour's mouth, so nearly right ahead 
that we had not to alter onr course above a point in order to hit the entrance of 
Rio. This was the first land we had seen for three months, after crossing so 
many seas, and being set backwards and forwards by innumerable currents and 
foul winds.' • 

Arietis comes to the meridian about ^2 minutes after She- 
ratan, on the 5th December, near where the sun does in mid- 
^ummerX' Arietis^ also, is nearly on the same meridian with 
^ImaacD in the foot of Andromeda, 19° N. of it, and culmi- 
nates only four minutes after it. Tlie otner stars in this con- 
stellation are quite small, constituting that loose cluster which 
we see between the Fly on the north, and the head of Cetus 
on the south. ^ 

fhen Arietis is on the meridian^ndromeda and Cassio- 
are a little past the meridian^ nearly over head, and Per- 
with the head . of Medusa, is as far to the east of it. 
Taurus and Auriga are two or three hours lower down; 
Orion appears in the S. E.. and the Whale on the meridian, 
just below Aries, while Pegasus and the Swan are seen half 
way over in the west 

(The manner in which the anctents divided the Zodiac into 12 equal parts, was 
both simple and ingenious. Having no iostroment that would measure time 
exactly, "They took a vessel, with a small hole in the bottom, and having filled 
it with water, suffered the same to distil, drop by drop, into another vessel set 
beneath to receive it, beginning at the moment when some star rose, and con* 
tinning till it rose the next following night, when it would have performed one 
complete revolution in the heavens. The water falling down into the receiver, 
they divided into 12 equal parts ; and having twelve other small vessels in readi< • 
ness, each of them capable of containing one part, they again poured all the wa- 
ter into the upper vessel, and observing the rising of'^ some star in the Zodiac. 
at the same time .suffered the water to (hrop into one of the small vessels. And 
as soon as it was fulL they removed it, ana set an empty one in its place. Just 
as each vessel was full, they took notice what star of the Zodiac rose at that 
time, and thus continued the process through the year, until the 12 vessels were 
fiUed.J 

Thus the Zodiac was divided into 12 equal portions, corresponding to the l3 



When does Arlctls pass the meridian? What other brilliant star Is on the meridian 
nearly at the same time? When Aries Is on the meridian, what other constellations 
are immediately hi view? Deacribe the manner i» which the oncietM OMdea Ms 
Zodfac Jiwhat point (tftheZodUu did thUdMaioneammmce7 
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monthETpf the year^ommencing af the vernal equinox./ Each of these noitions 

BMvecfes the visible representative or sign of the month it appeared inj 
(All trrose stars in the Zodiac which were observed to rise while the firet vessel 
wSls fiUing:>vere constellated and included in the first sign, and calledplrtes, an 
animal hclS in great esteem by the shepherds of ChaldeaJ All those sftirs in the 
Zodiac which rose while the second vessel was fiUingTmere constellated and 
Included in the second sign, which for a similar reason.'^as denominated(7\iM- 
rus yand all those stars which were observed to rise while the third vessel was 
filling were constellated in the third sign, and called Gemini, in allusion to the 
twin season of the flocks J 

Thus each sign of 30° m the Zodiac, received a distinctive appellation, accord- 
ing to the fancy or superstition of the inventors; which names nave ever since 
been retained, although the constellations themselves have since left their nom- 
inal signs more than 30° behind. The sign Aries, therefore, included all the stars 
embraced in the first 30° of the Zodiac, and no more. The sign Taurus, in like 
manner, included all those stars embraced in the next 30° of the Zodiac, or those 
between 30° and 60°, and so of the rest. Of those who imagine that the twelve 
constellations of the Zodiac refer to the twelve tribes of Israel, some ascribe 
Aries to the tribe of Simeon, and others, to Gad. 

History. — According to fable, this is the ram which bore the golden fleece^ 
and carried Phryxus and his sister llelle through the air, when they fled to Col- 
chis from the persecution of their stepmother Ino. The rapid motion of the ram 
in his aerial flight high above the earth, caused the head of Helle to turn with 
giddiness, and she fell from his back into that part of the sea which was after- 
wards called Hellespont, in commemoration of the dreadful event. Phryxus 
arrived safe at Colchis, but was soon murdered by his own father-in-law, Altes, 
who envied him his golden treasure. This gave rise to the celebrated Argo- 
nautic expedition under the command of Jason, for the recovery of the golden 
fleece. 

Nephele, queen of Thebes, having provided her children, Phryxus and Helle, 
with this noble animal, upon whicn they might elude the wicked designs of 
those who sought their life, was afterwards changed into a cloud, as a reward 
for her parental solicitude ; and the Greeks ever after called the clouds by her 
name. But the most probable account of the origin of this constellation is given 
in a preceding paragi-aph, where it is referred to the flocks of tlie Chaldean 
shepherds. 

During the campaigns of the French army in Egypt, General Dessaix discov-^ 
cred among the ruins at Dendera, near the hanks oi the Nile, the great temple, 
supposed by some to have. been dedicated to Isis, the female deity of the Egyp- 
tians, who believed that the rising of the Nile was occasioned by the tears which 
she continually shed for the loss of her brother Osiris, who was murdered by 
Typhon. 

Others suppose this edifice was erected for astronomical purposes, from tlio 
circumstance that two Zodiacs were discovered, drawn upon the ceiling, on op- 
posite sides. On both these Zodiacs the equinoctial points are in Leo, and not 
m Aries ; from which it has been concluded, by those who pertinaciously en- 
deavour to array the arguments of science against the chronology of the Bible 
and the validity of the Mosaic account, that these Zodiacs were constructed when 
the sun entered the sign Leo, which must have been 9720 years ago, or 4000 years 
before the inspired account of the creation. The infidel writers in France and 
Germany, make it (0,000 years before. But we may "set to our seal," that what- 
ever is true in fact and correct in inference on this subject will be found, in the 
end, not only consistent with the Mosaic record, but with the common meaning 
of the expressions it uses. 

Tlie discovery of Champollion has pat this question for ever at rest ; and M. 
Latronnc, a most learned antiquary, has >very satisfactorily demonstrated that 
these Egyptian Zodiacs are merely the horoscopes of distinguished personages, 
or the precise situation of the heavenly bodies in the Zodiac at their nativity. 
The idea that such was their purpose and origin, first suggested itself to this 
gentleman on finding, in the box of a mummy, a similar Zodiac, with such 

W?ua did each qf these portions qf the Zodiac serve 7 WTiat stars were placed in the 
first signl What name was given to the consteittatfjon thus formed 7 What stars were 
placed in the second sign 7 What urns the second constellation caUed 7 IVhat stars were 
placed in the third sign, and what was it called 7 Are the same names still retained 7 
what does this precession, or going forward qfthe stars amount to in a year 7 
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inscriptions and characters as determined it to be the horoscope of the deceased 
person. 

Of all the discoveries of the antiqnary among the relics of ancient Greece, the 
ruins of Palmyra, the gigantic pyramids of Egypt, the temples of their gods, or 
the sepulchres of their Kings, scarcely one so aroused and riveted the curiosity 
of the learned, as did tlie iliscovery of Champollion tlie younger, which decipher* 
ilte hieroglyphics of ancient Egypt. 

The potency of this invaluable discovery has already been signally manifested 
in settlmg a Ibrmidable controversy between the champions of infiilelity and 
those who maintain the Bible account of the creation, it has been shown that 
the constellation Pisces, since the days of Hipparchus, has come, by rea<ion of 
the annual precession, to occupy the same apparent place in the heavens that 
Aries did two thousand years ago. The Christian astronomer and the infidel are 
perfectly agreed as to the fact, and the amount of this yearly gain in the appa- 
rent moiioiLof the stars. Thej both believe, and both can demonstrate, that tne 
fixed stars nave gone forward m the Zodiac, abbut 50" of a decree in every revo- 
lution of the heavens since the creation ; so that were the world to light upon any 
authentic inscription or record of past ages, which should give the true position 
or longitude of any particular star at that time, it would be easy to fix an unques- 
tionable date to such a record. Accordingly, when the famous *" Egyptian Zo- 
diacs,-' which were sculptured on the walls of the tenjple at Dcndera, were 
brought away en masse, and exhibited in the Louvre at Paris, they enkindled a 
more exciting interest in the thousands who saw them, than ever did the en- 
trance of Napoleon. ''Educated men of every order, and those who had tlie 
vanity to think themselves such," says the commentator of Champollion, " rush- 
ed to behold the Zodiacs. These Zodiacs were immediately published and com- 
mented upon, with more or less good iaith and decorum. Science struck out 
into systems very bold ; and the spirit of infidelity, seizing upon the discovery^ 
flattered itself with the hope of drawing from thence new support. It was unjus- 
tifiably taken for granted, that the ruins of Egypt furnished astronomy wi'.hmon- 
mnents, containing observations that exhibited the state of the heavens in the 
most remote periods. Starting with this assumption, a nretrncc was mnde of 
demonstrating, by means of ctuculations received as infallible, that the celestial 
appearances assigned to these monuments extended back from forty-five to six- 
ty-five centuries; that the Zodiacal system to which they must belon?, dated 
back filleen thousand years, and must reach far beyond the limits asdisjned by 
Moses to the existence of the world." Among those who stood forth more or 
less bold as the adversaries of revelation, the most prominent was M. Dupuis, 
the famous author of L* origine de tous les Cultes. 

The infidelity of Dupuis was spread about by means of pamphlets, and the ad- 
vocates of the Mosaic account were scandahzed "until a new Alexander arose 
to cut the Gordian knot, which men had vainly sought to untie. This was Cham- 
poUion the youn^r, armed with his discovery," The hieroglyphics now spciik 
a language that all can tmderstand, and no one gainsay. " The Egyptian Zodiacs, 
then," says Latronne, " relate in no respect to astronomy, but to the idle phan- 
tasies of judicial astrology, as connected with the destiuies of the emperors who 
made or completed them." 



CETUS. 
The Whale.— (a s the whale is the chief monster of the 




It is situatea^lo^Aries and the Triangles, with a mean 
declination orlSo Sj It is represented as making its way to 
the E., with its body below, and its head elevated above the 
equinoctial : (^d is six weeks in passing the meridian^ Its 

W»at Is the comparaUve size of the Whalel What Is its extenti Where is It sltur 
itldl How long is the Whale in passing the meridian} 
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i4^j£iltail comes to the meridian on the 10th of November, and its 

^^ head leaves it on the 22d of December!) 

This constellation contains^? stars'! two of the 2d mag- 
nitude, seven of the 3d, and tnirteen di tbe 4tly The head 
of Cetus may be readily distinguished,(about 20° S. E. of 
Aries, by means of five remarkable stars, 4° and 5° apart, 
and so situajed as to form a regular pentagon^ The brightest 
of these is(^enkar, of the 2d magnitude, in the nose of the 
WhalelN It occupies the S. E. angle of the figure, m is SJo 
•N. of th*e equinoctial, and 15° E. of El RisphaJntheBightjof 
the cord betv^een the Two FishesT) It is directly(|37o^.^of 
Algol, and nearly in the same direction from the FJ^ h 
makes an equilateral triangle withft.rietis and the PlemdesJ 
being distant from each about 23° ST; and may otherwise hi 
knovmfty a star of the 3d magnitude in the mouth, 3° W. of 
it^ called Gamma\ placed in the south middle angle of the 
pentagon. ^ . 

Wm is a star of the 4th magnitude, 4° N. W. of Gamma, 
ana these two constitute the S. W. side of the pentagon in 
the head of the Whale, and the N. E. side of a similar oblong 
fisure in the neclc) 
vjhree degrees K. S. W. of Gamma, is another star of the 3d 
magnitude in the lower jaw, marked Delta, constituting the 
E. side of the oblong pentagon ; and 6° S. W. of this, is a 
noted star in the neck of the Whale, called Mi>a,^or the 
"wonderful star of 1596," which fonns ifce S. E. sid^/rhis 
variable star was firsts noticed as such(by Fabricius, on the 
13th of August, 1596Y Jt changes from a star of the 2d mag- 
nitude so as to bec^e invisible once in 334 days, or about 
7 times in 6 years^ (gerschel makes ite period 331 days, 10 
hours, and 19 minuteTJt while Hevelius^ssures us that it once 
disappeared for 4 years) so that ite tru^ period, perhaps, hM 

\. ^j not been satisfactorily determined^ 

The whole number of stars ascertainecRo be variable, amounts to only 15 ; 
while those w^ich are susmected to be variable, amoimt to 37. 

Mira i!(7o S. S. Ejof El Rischa, in the bend or knot of the 
riband which connects Ihe Two Fishes. Ten degrees S. of 
Mira, are 4 small starsj(m the breast and paws, about 3° apart, 
which form a square, the brightest being on the E.") fren de- 

When does it approach, and when does It leave the meridian? What Is the whole 
number of stars in Cetus) What Is the magnitude of the principal ones? How 
may the head of Qetus be distinguished? What are the name and position of the 
brightest? How far Is it from the equinoctial, and the principal star in the Pishes? 
Whut is its direction from Algol and the Ply? With what stars does It form an equi- 
lateral triangle? How may it otherwise be known? Describe the position of Nu*. 
Describe the situation of Delta and Mira. When and by whom was this star discover- 
ed to be variable ? What are the extent and period of this variation ? How long does 
Herschel make it? What does Hevellus say of it? Has the true perjio of- Mira bean 
satisfactorily determined? How fer, and which way Is Mira from Alpha, in the knot 
of the riband ? What four small stars do you observe too 8. of Mira f 
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agrees S. W^^f Mua, is a star of the 3d magnitade in the 
heart, c&W^Baten Kaitos, which makes a scalene triangle 
with two other stars of the same magnitude 7^ and 10<=> W. of 
it ; also, an equilateral triangle with Mira and the eastern- 
most one in the square. 

A great number of geometrical figures may be Ibnned from the itan in this, 
and in most of the other consteUations, merely by reference to the maps ; but 
it is better tliat the student should exercise his own ingenuity in this way with 
reference to the stars themselve^ for when once he has constructed a group 
into any letter or figure of his own mvention, he never wiU forget it. 

The teacher should therefore require his class to commit to writing the reauU 
of their 6vfn observations upon the relative position, magnitude and figures of 
the principal stars in each constellation. One evening's exercise in this way 
will disclose to the student a surprising multitude of cro««6«, aquaresj triangle»f 
arcs and letters, by which he will be better able to identify and remember them, 
than by any instructions that could be given. 

For example : Mira and Baten in 'the Whale, about 10^ apart, make np the 
6. E. or shorter side of an irregular square, with £1 Rischa in tne node of the 
riband, and another star in the Whale as far to the right of Baten, as El Rischa 
is above Mira. Again, 

There are three stars of equal magnitude, forming a straight line W. of Baten; 
from which, to the middle star is 10^^ thence to the W. one 12i ; and 8° or y> 8. 
of this line, in a triangular direction, is a bright star of the second magnitude in 
the coil of the tail, called Diphda. 

In a southerly direction, 2B^ below Diphda, is Alpha in the head of the Phe< 
nix, and about the same distance S. W. is Fomalhant, in the mouth of ther 
Southeru Fish, forming together a large triangle, with Diphda in the vertex or 
top of it. 

That fine cluster of small stars S. of the little square in ihe Whale, constitutes 
a part of a new constellation called the Ckymicat Purnace. The two stars N. E. 
and the three to the southward of the little square, are in the river Eridanus. 

History. — ^This constellation is of very early antiquity ; though most writers 
consider it the famous sea monster sent bv Neptune to devour Andromeda be- 
cause her mother Cassiopeia had boasted herself fairer than Jimo or the Sea 
Nymphs ; but slain by Perseus and placed among the stars in honour of his 
achievement. 

" The winged hero now descends, now soars. 
And at his pleasure tlie vast monster gores. 
Deep in his back, swift stooping from above, 
His crooked sabre to the hilt he drove." 
It is quite certain, however, that this constellation bad a place in the heavens 
long pnor to the time of Perseus. When the equinoctial sun in Aries, which is 
right over the head of Cetus, opened the year, it was denominated the Preserver 
or Deliverer^ by the idolaters of the East On this account, according to^Pausa- 
nias, the sun was worshipped, at Eleusis, under the name of the Preserver or 
Saviour 

"With gills pulmonic breathes the enormous whale, 
And spouts aquatic columns to the i^ale ; 
Bports on the shining wave at noontide hours, 
And shifting rainbows crest the rising showers."— Darcmin^ 



PERSEUS, ET CAPUT MEDUSA. 

Perseus is represented ^th a sword in his right hand, the 
head of Medusa in his left, and wings at his feel^ It is situ- 

IIow is Baten Kaitos situated? What is said qf the various Jlgures that different 
oonstelUuions exhibit ? Give an example. Qfwhat eonsteUation does thatjine cHt^er 
«r stars of the little square in the WhaU^ constituU a part 7 How Is the constellaUon 
Perseus reinreBented? 

5 
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ated^irectly N. of the Pleiades and the Fly, between Andro- 
meda on the W. and Auriga on the Kj Its mean declination 
Qs 49° N. It is on the meridian the 24th of December) It 
containsj(including the head of Medusa, 59 stars'jftwo of wliich 
are of the 2d magnitude, and four of the 3aJ According to 
Eudosia, it contains, including the head of Medusa, 67 stars. 

"Perseus next, 

Brandishes high in heaven his sword of flame, 
And holds triumphant the dire Gorgon's head, 
Flashing with fiery snakes ! the stars he counts 
Are sixty-seven; and two of these he boasts, 
Nobly refulgent in the second rank — 
One in his vest, one in Medusa's head." 

The Head or Medusa is not a separate constellation, but 
forms a part o(PerseusI) 

It is represented(as"tne tmnkless head of a frightful Gor- 
gon, crowned with coiling snakes, instead of hair, which the 
victor Perseus holds in his hand^s^ 

Thg;e are, in all, about (a dozen^stars in the Head of Me- 
dusa ;(three of the 4th magnitude, and one, varying alter- 
nately jptpm the 2d to the 4th magnitude) This remarkable 
star is (called (^^^oZ. It is situated 12° K of Almaach, in the 
foot oiAndromeda, and may be known by means of three 
stars of the 4th magnitude, lying a few degrees S. W. of it, 
and forming a small trian^igj 

It is on the meridian Qtne 21st of December; but as it 
continues above the horizonlS hours out of 24, it may be seen 
every evening from September to Ma^ It varies from the 2d 
to the 4th magnitud^^ about 3 J hours, and back againin the 
same time ^ after wtoch it remains steadily brilliant^r 2} 
days, when the same changes recur]^ '^ 

The periodical variation of Algol was jieterminedQn^ 1783, 
by John Goodricke of York (Eng.) to b^ days, 20 hours, 48 
minutes, and 56 seconds) 

Dr. Herschel attributes the variable appearance of Algol to 
5 spots upon its surface, and thinks it has a motion on its axis 
similar to that of the sutu) He^lso observes, of variable stars 
generally : — " The rotary motion of stars upon their axes is a 
capital feature in their resemblance to the sun. It appears to 
me now, that we cannot refuse to admit such a motion, and 
that indeed it may be as evidently proved as the diurnal mo- 

Where is R situated? What Is its declination, and when Is it on the meridian? What 
Is the whole number of its stars ? What is the magnitude of its principal ones? Of 
what constellation does Caput Medusae form a par' ? How is it represented? What 
Is the whole number of its stars? What is the magnitude of the principal ones? What 
are the ntme and position of the variable star in this constellation? When is it on the 
merkliau, and how long may It be seen? In what time does it van^ from the 2d to the 
4tb magnitude, and back again? How long Is it steadily brilliant? when and by whom 
was Its periodical variation determined? What is Its exact period? To what does Dr 
Herschel attribute its variable appearance? 
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tion of the earth. Dark spots, or large portions of the surface, 
less luminous than the rest, turned alternately in certain di 
rections either towards, or from us, will account for all the 
phenomena of periodical changes in the lustre of the stars, so 
satisfactorily, that we certainly need not look out for any other 
cause." 

It is said, that the famous astronomer Lalande, who (tied at Paris in 1807, was 
wont to remain whole nights, in his old age, upon the Pont Neuf, to exhibit to 
the curious the variations in the brilliancy of the star Algol 

Nine degrees E. by N. from Al^ol, is the bright star Alge- 
nihy of the 2d magnitude, in the side of Perseus, which with 
Almaack, makes a perfect right angle at Algol, with the open 
part towards Cassiopeia. By means of this strikingly perfect 
figure, the three stars last mentioned may always be recog- 
nised without the possibility of mistakina^them. Algenib 
may otherwise be readily distinguished Qy its being the 
brightest and middle one of a number of stars lying four and 
five degrees apart, in a large semicircular tbrm, curving to- 
wards Ursa Major^ ^ v 
Algenib comes to the meridian on(i^ 21st Decemberj 15 
/J /-minutes after Algol, at which time the latter is almost di- 
^ rectly over head. Wheft these two stars are on the meridian, 
that beautiful cluster/the Pleiades]) is about half an hour E. 
of it ; and in short,^e most brilliant portion of the starry 
heavens is then visiBle in the eastern hemisphere. The 
glories of the scene are unspeakably magnificent; and the 
Student who fixes his eye upon those lofty mansions of being, 
cannot fail to covet a Imowledge of their order and relations, 
and to "reverence Him who made the Seven Stars and 
Orion^ 

The Milky- Way around Perseus(is very vivid, being un- 
doubtedly a rich stratum of fixed stars, presenting the most 
wonderful and siiblime phenomenon of the Creator's power 
and greatness) (Kohler, the astronomer, observed a beautiful 
nebula near the race of Perseus, besides eight other nebulous 
clusters in different parts of the constellation) 

The head and sword of Perseus are exhibited on the circumpolar map. That 
very bright star 23° E. oi Algol, is Capella in the Charioteer. 

History.— Perseus was the son of Jupiter and Danae. He was no sooner bom 
than lie was cast into the sea with his mother ; but being driven on the coasts 
of one of the islands of the Cyclades, they were rescued by a fisherman, and 
carried to Polydectes, the king of the place, who treated them with great hu- 
manity, and intrusted them to the care of the priests of Minerva's Temple, His 
rising genius and manly courage soon made him a favourite of the gods. At a 

How may Algenib be distinguished? When Is It on the meridian? How longer 
Algol? When these two stars are on the meridian, what beauUfUl cluster is half an 
hour east of it? What is the general appearance of the eastern bemlBphire at that time J 
What is the appearance of the Milky Way around Perseus? What nebulw have been 
observed in this constellation? 
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great feast of Polydectes, all the nobles were expected to present the king with 
a superb and beautiful horse ; but Perseus, who owed his benefactor much, 
not wishing to be thought less munificent than the rest, engaged to bring him 
the head of Medusa, the only one of the tliree Gorgona who was subject to mor- 
tality. The names of the other two were Stheno and Euriale. The^ were r*»- 
presentad with serpents wreathing round their heads instead of hair, having 
yellow wings and brazen hands ; their bodies which grew indissolubly together, 
were covered with impenetrable scales, and their very looks had the power of 
turning into stones all those on whom they fixed their eyes. 

To equip Perseus for this perilous enterprise, Pluto, the god of the infernal 
regions, lent him his hehnet, which had the power of rendering the wearer in- 
visible. Minerva the goddess of wisdom, furnished him witli her buckler, which 
was as resplendent as a polished mirror ; and he received from Mercury, wings 
for his feet, and a dagger made of diamonds. Thus equipped, he mounted into 
the air, conducted by Minerva, and came upon the monsters who, with the 
watchful snakes about their heads, were all asleep. He approached them, and 
with a courage which amazed and delighted Minerva, cut on with one blow Me- 
dusa's head. The noise awoke the two immortal sisters, but Pluto's helmet ren- 
dered Perseus invisible, and the vengeful pursuit of the Gorgons proved fruiUesB. 
"In the mirror of his polished shield 
Reflected, saw Medusa slumbers take, ^^ - 

And not one serpent by good chance awake ; 
Then backward an unerring blow he sped, 
And from her Iwdy lopped at once her head." 
Perseus then made his way through the air, with Medusa's head yet reekinc 
In his hand, and from the blood which dropped from it as he flew, sprang at 
those innumerable serpents that have ever smce infested the sandy deserts of 
Lybia. 

The victor Perseus, with the Gorgon head, 
O'er Lybian sands his airy journey sped, 
The gory drops distilled, as swift he flew, 
And from each drop envenomed serpents grew." 
The destruction of Medusa rendered tlie name of Perseus immortal, and he 
was changed into a constellation at his death, and placed among the stars, with 
the head of Medusa by his side. 



CHAPTER III. 

DIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE ON 
THE MERIDIAN IN JANUARY. 

The constellations which pass our meridian in the months of January, Febru- 
ary and March, present to us the most brilliant and interesting portion of the 
heavens ; embracing an annual number of stars of the highest order and bright- 
ness, all so conspicuously situated, that the most inexperienced can easily trace 
them out. 

TAURUS. 

The Bull is represented in an attitude of rage, as if about 
to plunge at Orion, who seems to invite the onset by provo 
cations of assault and defiance. Only the head and shoulders 
of the aiiimal are to be seen; but these are so distinctly 



What U the comparative hrUUaney of the conateUationa which paso the meridian in 
January, February and Ma^'^hf How is Taurus raprssented? What parts of the 
animal are to be seen? 
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marked that they cannot be mistaken. ' T auras is now the 
second sign^nd third constellation of the Zodiac 5 but ante- 
rior to the time of Abraham, or more than 4000 years ago, 
the vernal equmox took place, and the year opened when the 
sun was in Taurus) and the Bull, for the space of 2000 years, 
was the prince and leader of the celestial host. The Ram 
succeeded next, and now the Fishes lead the year. The head 
of Taurus sets with the sun about the last of May, when the 
opposite constellation, the Scorpion is seen to rise in the S. 
E..( It IS situated between Perseus and Auriga on the north, 
Gremini on the east, Orion and Eridanus on the south, and 
Aries on the west," having a mean declination of 16° N. J 

It contains 141 visible starsJ including two remafftable 
clusters called' the Pleiades and Hyades. / The first is now 
on the shoulder, and the latter in the face of the BulL 

The Pleiades, according to fable, were the seven daughters 
of Atlas and the nymph Pleione,* who wertf turned into stars, 
with their sisters the Hjades, on account of their amiable 
virtues and mutual affection. 

Thus we every where find that the ancients, with all their barbarism and 
idolatry, entertained tlie belief that umblemished virtue and a meritorious life 
would meet iheir reward in the sky. Thus Virgil represenlM Magnus Apollo as 
Ll.; fling Irom the sky to address the youth lulus:— 

" Macte nova virtute puer ; sic itur ad astra; 
Diis genite, et geniture Decs." 

" Go on, spotless boy, in the paths of virtue ; it is the way to the stars ; ofisprlnff 
of the gods thyself— so shall thou become the father of gods." 

Our disgust at their superstitions may be in some measure mitigated, by seri- 
ously reflecting, that had some of these personages lived in our day, they had 
been ornaments in the Christian church, and models of social virtue. 

The names of the Pleiades are Al^ione, Merone, Mala, 
Eiectra, Tayela, Sterope and Celeno. , Merope was the only 
one who married a mortal, and on that account her star is 
djm among her sisters./ 

; Although but six of these are visible to the naked eye, yet 
Dr. Hook informs us that, with a twelve feet telescope, he 
saw 78 stars ; and I^ieita affirms that he counted 200 stars 
in this small cluster. ' 

The most ancient authors, such as Homer, Attains, and Geminus, counted only 
»ix Pleiades ; but Simonides, Varro, Pliny, Aratus, Hipparchus, and Ptolemy, 
reckon them seven in number; and it was asserted, that the seventh had been 
seen before the burning of Troy ; but this difference might arise from the dif- 
ference in distinguishing them with the naked eye. 

* Dr. Button is of opinion that Atlas being the first astronomer who disco- 
vered these stars, called them by the names of the daughters of his wife Pleione. 

What is the numerical order of Taurus among the signs and constellations of the 
Zodiac ) What was its position in the Zodiac before the time of Abraham ) How lonK 
did it continue to lead the celestial host? What constellation succeeded next? Where 
Ui Taurus now situated? How many stars does It contain? What remark^le clusters 
are In this constellation? Where are these placed? Mention the names of the Pie»a«8- 
Which of these seven stars is not seen, and whyl Are these six all that can be seen 
through the telescope? 

5 
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[The Pleiades are so called from the Greek word, vXuiv, 
pleein^ to sail ; because, at this season of the year, they 
were considered " the star of the ocean" to the benighted 
mariner.*' j Alcyone^ of the 3d magnitude J[ being the brightest 
star in this cluster, is sometimes called the light of the Ple- 
iades, The other five are [principally of the 4th and 5th 
magnitudes.] 

The Pleiades, or as they are more familiarly termed, the 
seven stars, come to the meridianflO minutes before 9 o'clock, 
on the evening of the 1st of January, 'and may serve, in place 
of the sun, to indicate the time, and as a guide to the sur- 
rounding stars. 

Aocording to Hesiod, who wrote ftbout 900 years before the birth of our Sa 
viour, the heliacal rising of the Pleiades took place on the 11 th of May, about the 
time of harvest. 

" When, Atlas-bom, the Pleiad stars arise 
Before the sun above the dawning skies, 
'Tis time to reap ; and when they sink below 
The morn-illumin'd west, 'tis time to sow." 
TVms, in all ages, have the stars been observed by the husbandman, for 
*' signs and for seasons." 

Pliny says thatThales, the Miletan astronomer, determined the cosmical setting 
of the Pleiades to be 25 days after the autumnal equinox. This would make a 
difference between the setting at that time and the present, of 35 days, and as a 
day answers to about 59' of the ecliptic, these days will make 34° 25 . This di- 
vided by the annual precision (50^"), will give 2^65 years since the time of 
Thales. Thus does a.stronomy become the parent of chronology. 

If it be borne in mind that the stars uniformly rise, come to the meridian, and 
set/ about four minutes earlier every succeeding night, it will be very easy to 
determine at what time the seven stars pass the meridian on any night subse- 
quent or antecedent to the 1st of January. For example : at what time will the 

* Virgil, who flourished 1200 years before the mvention of the magnetic needle, says 
that the stars were relied tuion, in the first ages of nautical enterprise, to guide the 
rude bark over the seas. 

"Tunc alnos primum fluvii sensere cavatas ; ^ 
Navita turn stellis numeros, et nomina fecit, 
Pleiadas, Hyadas, claiamque Lycaonis Arcton." 
" Then first on seas the shallow alder swam ; 
Then sailors quarter'd heaven, apd found a name 
For every fix'a and every wand'ring star— 
The Pleiads, Hyads, and the Northern Car.' 
The same poet also describes Pallnurus, the renovmed pilot of the. Trojan fleet, as 
•• watching the face of the nocturnal heavens." 

" Sidera cuncta notai laclto labentla coeio, 
Arcturum, pluviasque Hyadas, gemlnosque Tnones, 
Armatumque auro clrcumspicll Oriona." 
" Observe the stars, and notes their sliding course, 
The Pleiads, Hyads, and their wat'ry force ; 
And both the Bears Is careful to behold 
And bright Orion, arm'd witn oumlsh'd gold.' 
Indeed, this sagacious pilot was once so intent In gazing upon the stars while at the 
helm, that he fell overboard, and was lost to his companions. 
" Headlong he fell, and, struggling in the main. 
Cried out for heloins hands, but cried in vain." 

Prom what circumstance do the Pleiades denve their name? What (s the brightest 
of the Pleiades called? What is the size of the rest? When axe the Pleiades on the 
meridian? Bow much earlier do the stara riee, come to the meridian, and eet, every 
tucceedAa^ night7 
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■even stars culminate on the 6th Januaiyl Multiply the S days fay 4 and take 
the result from the time they culminate on the 1st, and it will glvdi 30 minotM 
after 8 o'clock in the evening. / t" 

The Pleiades are also sometimes called/ Vergilia^ or the 
" Virgins of spring;" because the sun enters this cluster in 
the " season of blossoms," afcout the 18th of May./ ,He who 
made them alludes to this circumstance when n6 demands 
of Job : *jf Canst thou bind the sweet influences of the Ple- 
iades," &c.^[Job38: 31.] 

The Syrian «ame of the Pleiades is Sueeoth, or Sfuecoth-Benoth^ derived from 
a Chaldaic word, which signifies "to speculate, to observe," and the "Men of 
Succoth," (2 Kings 17 : 30.) have been thence considered observers of the 
stars. 

(The Hyades are situated 11° S. E. of the Pleiades, in the 

face of the Bull, and may be readily distinguished by means 

of five stars* so placed as to form the letter Vj The most 

brilliant star is on the left, in the top of the letter, and called 

f Aldebarani from which the moon's distance is computed. 

"A star of the first magnitude illumes 
His radiant head ; and of the second rank. 
Another beams not far remote." 

j[ Aldebaran is of Arabic origin, and takes its name from two 
words which signify, " He went before, or led the way" — 
a ■ ading to that period in the history of astronomy y^en this 
star led up the stany host from the vernal equinox, ft comes 
to the meridian at 9 o'clock on the 10th of January, or 48^ 
minutes after Alcyone, on the 1st/ When Aries is about 27^ 
high, Aldebaran is just rising in the east. So Mamilics: — 

'•' Tlius when the Ram hath doubled ten degrees, 
And join'd seven more, then rise tlie Hyades." 

. A line 15^° E. N. E. of Aldebaran will point out a bright 
star of the 2d magnitude in the extremity of the northern 
horn, marked Beta or El Nath ; (this star is also in the foot 
of Auriga, and is common to both constellations.) From 
Beta in the northern horn, to Zeta, in tl\e tip of the southern 
horn, it is 8°^ in a southerly direction, j This star forms a 
right angle with Aldebaran and Beta. Beta and Zeta, then, 
in the button of the horns, are in a line nearly north and south, 
8° apart, with the brightest on the north. That very bright 
.star 17^0 N. of Beta, is ^Capellaj in the constellation Auriga, 

* The ancient Greeks counted seven in this cluster :— 

" The Bull's head shines with seven refuljfent fiames, 
■V/"hich, Grecia, Hyads, from their lowering, names." 

At what time will the neven ftars cuhnirate on the 5th Janvary 7 By what other 
names are they sometimes ci'lled, and why? What allusion Is made to this cluster 
In the ancient Scriptures? Desrrtl>e the situation and appearance of the Hyades. 
What Is the brightest of Ih'nn called ? What Is the origin of the word Aldebaran, and 
to what does It allude? Whrri does Aldehnran culminate) Describe the position of 
Beta? Whu are the name and Ure-tlnn of the star in the southern horn7 "^'bat Is the 
relaUve position of thei?e stars ? What very bright stur is seen \7° 30 N. of Betai 
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History.— According to the Grecian mytholoijy, this is the antmal which bore 
Europa over the seas to that country, which denved from her its name. She was 
the daughter of Agenor, and princess of PhcEnicia. She was so beautiAil that 
Jupiteibecame enamoured of her; and assuming the shape of a snow-white 
buli, he mingled with the herds of Agenor, while Europa, with her female at- 
tendants, were gathering flowers in the meadows. Europa caressed the beau 
tiful animal, and at last had the courage to sit upon his back. The god now took 
advantage of her situation, and with precipitate steps retired towards the shore^ 
and crossed the sea with Europa upon his back, and arrived safe in Crete. Some 
suppose she lived about 1552 years before the Christian era. It is probaole, 
however, that this constellation had a place in the Zodiac before the Greeks be- 
gan to cultivate a knowledge of the stars ; and that it was rather an invention of 
the Egyptians or Chaldeans. Both the Egyptians and Persians worshipped a 
deity under this figure, by the name of Apjs ; and Belzoni is said to have found 
an embalmed bull m one of the notable sepulchres near Thebes. 

In the Hebrew Zodiac, Taurus is ascribed to Joseph. 



ORION. 

Whoever looks up to. this constellation and learas its name, 
will never forget it. Qt is too beautifull^rsplendid to need a 
description, y'hen it r on the meridian^^ere is then above 
the horizon the most magnificent view ofthe celestjal bodies 
that the starry firmament affords jj and it is visibleljo all the 
habitable world, because the equinoctial passes through the 
middle of the constellations It is represented on celestial 
maps(b)r the figure of a man in the attitude of assaulting the 
Bull, with a sword in his belt, a huge club in his right hand, 
and the skin of a lion in his left, to serve for a shield.^ 

Manilius, a Latin poet, who composed five hooka on as- 
tronomy a short time before the birth of our Saviour thus 
describes its appearance : — 

" First next the Twins, see great Orion rise, 
His arms extended stretch o'er half the skies 
His stride as large, and with a steady pace 
He marches on, and measures a vast space ; 
On each broad shoulder a bright star display'd, 
And three obliquely grace liis hanging blade. 
In his vast head, immers'd in boundless spheres. 
Three stars, less bright, but yet as great, he bears, 
But farther off removed, their splendour's lost ; 
Thus grac'd and arm'd he leads the starry host." 

The centre of the constellation is midway between the 
poles of the heavens and directly over the equator. ^ is also 
about 8° W. of the solstitial colure, and comes ttrthe me- 
ridian about the 23d of January^ The whole number of 
visible stars in this constellation is 78 ; of which, two are of 
the first magnitude, four of the 2d, three of the 3d, and fif- 
teen of the 4th. 

[lose four brilliant stars in the form of a long square or 



(Tho 



What Is the general appearance of the constellation Orion? When this constellation 
Is on the meridian, what is the appearance of the starry firmaraentr To whom is it 
visible, and wbyl Howls Orion represented on celestial maps? Describe its positioa 
How Is it situated with respect to the solstitial coluie, and when is it on the meridian? 
what remarkable stars form the outline ofthe constellation? 
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pazallelogram, intersected in the middle by the ^^ Three 
Stars," or " Ell and Yard," about 25° S. of the Bull's homs;> 
form the ouUines of Orion. } The two upper stars in the par- 
allelogram ^e about 15^ ^^. of the two lower ones; and. 
oeing Dlacea on each shoulder, may be called the epaulets or 
Orion^ j^he brightest of the two lower ones is in the left 
foot, on the W., and the other, which is the least brilliant of 
the four, in the right kneejf To be more particular CBella- 
trix is a star of the 2d magnitude on the W. shoulder ; Be- 
telguese is a star qf the 1st magnitude, 7J° E. of Bellatrix, 
on the €. shoulder^^It is brighter than Bellatrix, and lies a 
iittle farther towards the nortl]|| and comes to the meridian 
fio minutes after it, on the 21st of Januar^ These two form 
iho. upper end of the parallelogram. 

(pigel is a splendid star of the 1st magnimde, in the left 
foot, on the W. and 15° S. of Bellatrix. Saiph^ is a star of 
the 3d magnitude, in the right knee, 8^° E. of Rigel. These 
two form the lower end of the parallelogram^ 

-"First in rank 



f^h 



The martial star upon his shoulder flames : 
A rival star illuminates his foot ; 
And on his eirdle beams a luminary 
Which, in vicinity of other stars, 
Might claim tlie proudest honours." 

There is a little triangle of three small stars in the head of 
Urion, wMch forms a larger triangle with the two in his 
shoulders^ln the middle of the parallelogram are three stars 
of the 2d7nagnitude, in the belt of Orion, thai form a straight 
line about 3° in length from N. W. to S. E J They are usu- 
ally distinguished by the name of the Three ^Sf^ar^^because 
there are no other stars in the heavens that exactly resemble 
diem in position, and brightness jt They are sometimes de- 
nominated the \jrhree Kings^ because they point out the 
Hyades and Pleiades on one side, and Sirius, or the Dog-star 
on the other. Jlln Job they are called the Rands of Ohrion ; 
while the ancient hu^andmen called themt/a^o^'* rod^ and 
sometimes the Rake\ The Univei^ity of Leipsic, in 1807, 
gave them the ubiaG o^\NapoleonJ But the more common 
appellation for them, including those in the sword, i^the Ell 
and Yard, They derive the latter name from the circum- 
stance that the line which unites the " three stars" in the belt 
measures just 3^ in lengtl^ and is divided by the central star 

Describe the two upper ones in .tlie group. Describe the two lower ones. Give a 
more particular description of the stars in the shoulder. How do you distinguish Be- 
teiguese nrom Bellatrixf When does Betelguese come to the meridian? Describe the 
■tus which fonu the lower end of the parallelogram. What stars do you observe In 
"nbe bead <tf Orion> Describe the situation and appearance of Vh» " Three SUrsi" Why 
are they called the three stars? What else are they denominated, and woy ? What 
names were given to them by the ancients? What by the University of Lclpslcl Wbat 
is the more &mlllar term for them, and whence is It deitvedi 
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into two equal parts, like a yard-stick; thus serving as a 
graduated standard for measuring the distances of stars from 
each other .^ When therefore any star is described as being 
80 many degrees from another, in order to determine the dis- 
tance, it is recommended to apply this rule. ^ 

It is necessarr that the scholar should task his ingenuity only a few evening 
'01 applying sach a standard to the stars, before he will learn to judge of their 
relative distances with an accuracy that will seldom vary a degree from the truth. 

• The northernmost star in the belt, called Mintika^ is less 
than ^o S. of the equinoctial, and when on the meridian, is 
almost exactly over the equator. It is on the meridian, the 
243th of January.* 

' xThe " three stars" are situated about S^ W. of the solstitial 
colure, and uniformly pass the meridian one hour and fifty 
njinutes after the seven stars .^ 

i There is a row of stars of the 4th and 5th magnitudes, S. of 
the belt, running down obliquely towards Saiph, which forms 
the swordi* This row is also calledt the Elt) because it is 
ojice and a quarter the length of the Yard or belt. 

: A very little way below Thabit, in the sword, there is a ne- 
bulous appearance, the most remarkable one in the heavens. 
With a good telescope an apparent opening is discovered, 
through which, as through a window, we seem to get a 
glimpse of other heavens, and brighter regions beyond, i 

As the telescope extends our knowledge of the stars and greatly increases 
their visible number, we behold hundreds and thousands, which, but for this 
almost divine improvement pf our vision, had forever remained, uns<|en by us, 
itt an unfathomable void. 

/ A star in Orion's sword, which appears single to the unassisted vision, is mul- 
tiplied into six by the telescope ; and another, into twelveA Galileo found 80 in 
the belt, 21 in a nebulous star in the head, and about 500 in another part of 
Orion, within the compass of one or two degrees. Dr. Hook saw 78 stars in the 
Pleiacles, and Rheita with a better telescope, saw about 200 in the same cluster, 
and more than 2000 in Orion. 

About 9o^W. of BellatriX(^are eight stars, chiefly of the 4th 
magnitude, 'in a curved line running N. and S. with the con- 
cavity towards Orion ; these point out the skin of the lion in 
his left hand. Of Orion, on the whole, we may remark with 
Eudosia : — 

"He who admires not, to the stars is blind." 
HisTOKY.— According to some authorities, Orion was the son of Neptune and 
queen Euryale, a famous Amazonian huntress, and possessing the disposidon of 

* Though the position of this star, with respect to the equator, is the same at all 
times, whether it be on the meridian or in the horizon ; yet it appeam to occupy this 
position, only when it is on the meridian. 

How may the distances of the stars from each other be measured by reference to the 
yard? How are the three stars situated with respect to the solstitial colure, and bow 
with respect to the seven stars ? Describe the stars which form tlie sword of Orion. 
What else is this row called i Describe the nebulous appearance which is visible in 
this cluster. What other discoveries has the telescope made in this constellationJ 
What stars about 9° W. of BeUatriz? 
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bis mother, he became the greatest hmiter in the world, and even boaaCed tliat 
there was not an animal on earth which he could not conqaer. To punish this 
vanity, it is said that a scorpion sprung up out of the earth and bit his foot, that 
he died ; and that at .the request of Diana ne was placed among the stars directly 
oppo^ie to tiie Scorpion tliat caused his death. Olliers say tliat Orion had no 
mother, hut was the gift of the gods, Jupiter, Neptune, and Mercury, to a peasant 
of BcBotiii, a.^ a reward of piety, and that he was invested with the power of walk- 
ini$ over the sea without wetting his feet. In strength and stature he surpassed 
all other mortals. He was skilled in the working of iron, from which he fabri- 
cated a subterranean palace for Vulcan ; he also walled in the coasts of Sicily 
gainst the inundations of the sea, and built thereon a temple to its gods. 

Orion was betrothed t^ the daughter of CEnopion, but he, unwilling to give up 
his daughter, contrived to intoxicate the illustrious hero and put out his eyes on 
the seashore where he had laid himself down to sleep. Orion, finding himself 
blind when he awoke, was conducted by the sound to a neijthbouring forge, 
where he placed one of the workmen on his back, and, by his directions, weni 
to a place where the rising sim was seen with the jjreatej't advanta^ce. Here he 
turned his face towards the luminary, and, as it is reported, immediately recov- 
ered his siglit, and hastened to ptmish the perfidious cruelty of (Enopion. 

The daughters of Orion distinguished themselves as much as their father; 
and, when the oracle had declared that Bteotia should not be delivered from a 
dreadlul pestilence, before two of Jupiter's children were immolated on the 
altars, they joyfully accepted the offer, and voluntarily sacrificed themselves for 
the good of their country. The deities of the infemalVejrions were struck at the 
patriotism of the two females^and immediately two R::irs were seen to ascend 
up from the earth, still smoking with their blood, an<l tln'y were placed in the 
heavens in the form of a crown. Ovid says their bodie.s were burned by the 
Thebans. and that two persons arose from their asJica, whom the gods soon after 
changed into constellations. 

As the con'^tellation Orion, which rises at noon about the 9th day of March, 
and sets at noon about the 2l8t of June, is generally supjiosed to be accompani- • 
cd, at its risin?, with great rains and storms, it became extremely terrible to 
mariners, in the early adventures of navigation. Virgil, Ovid, and Horace, with 
■ome of the Greek poets, make mention of this. 

Thus Eneas accounts for the storm which cast him on the African coast on his 
way to Italy : — 

"To that blest shore we steer'd onr destined way. 
When sudden, dire Orion rous'd the sea : 
All charg'd with tempests rose the baleful star. 
And on our navy pour'd his wat'ry war." 

To induce him to delay his departure, Dido's sister advises her to 

"Tell him, that, charg'd with delnces of rain, 
Orion rages on the wintry main." 

The name of this constellation is mentioned in the books of Job and Amos, and 
In Homer. The inspired prophet, penetrated like tlip psalmist of Israel, with 
the omniscience and power displa.ve<l in the cole.^'tial glories utters this sublime 
injunction : "Seek Him that inake'th the seven stars and Orion, and turneth the 
bhadow of deaf h ijito mornin?." Job also, with profound venoration, adores His 
awful majesty who " cominandeth the sun and sealetli up the stars ; who alone 
spreadeth out the heavens, and maketh Aictnrus. Orion, and Pleiades, and the 
chambers of the south :" And in another place, the Almis^htv demands of him- 
"Knowest thou the ordinances of heaven! Canst thou bind the sweet influen- 
ces of the Pleiades, or loose the bands of Orion ; cinst thou bring forth Mazza- 
roth in his season, or canst thou guide Arcturus with his sons ?" 

Ca/met snppo.-jes that Mazzaroth is here put for the whole order of celestial 
bodies in the Zodiac, which, by their appointed revolutions, profluce the various 
seasons of the year, and the regular succession of day and nijht. Arcturus is 
the nam** of the principal star in Bootes, and is here put for the constellation 
itself The expression, his sons, doubtless refers to Asterion and Chara, the 
two greyhounds, with which he seems to be pursuing the great bear around the 
North pole. 

The following lines are copied from a work entitled "Astronomical Recrea- 
tions," by J. Green, of Pennsylvania, to whom the author is indebted for manj 
valuable hints concerning the mythology of the ancient constaUations. 
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^ When chilHnff winter spreads his azure skies, 

Behold Orioivs giant form arise ; 

His golden girdle glitters on the sight, 

And the broad falchion beams in splendour bright ; 

A lion's brindled hide his bosom shields, 

And his right hand a ponderous weapon wields. 

The Riveras shining streams beneath him pour, 

And angry- Taunts rases close before ; 

Behind him Proeyon barks, and Siriua growls, 

While full in front, the monster Cetus howls. 

Bee bright Capella, and Medusa there. 

With horrid serpents hissing through her hair, 

See Cancer too, and near the Hydra dire, 

With roaring Leo^ filled with furious fire. . 

The timid Hare, the Dove with olive green, 

And Ariesj fly in terrour from the scene ; 

The warrior Perseus gazes from above. 

And the Tunn offspring of the thunderer Jove. 

Lo ! in the distance, Cassiope fair 

In state reposes on her golden chair ; 

Her beauteous daughter^ bound, before ner stands, 

And vainly strives to free her fettered hands ; 

For aid she calls on royal Cepheus near, 

But shrieks from her reach not hex father's ear. 

See last of all, around the glowing pole, » 

With shining scales, the spiry Dragon roll 

A grizzly Bear on either side appears, 

Creeping with lazy motion 'mid the stars " 
These Unes are easily committed to memory, and would assist the pupil In re- 
calling the names of the constellations in this very iuterestmg portion of the 
(leavens. 
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The Hare. — This constellation is situated^directly south 
of Orion^and comes to the meridian at the same time; 
namelyi oil the 24th of January) It has a mean declination 
18° S. and contams(l9 small stars) of which, the four princi- 
pal ones/ire of vthe 3d magnitude.) It may be readily distin- 
ffuished(by means of four stars of the 3d magnitude, in the ' 
form of an irregular square, or trapezium."] 
\Zeta, of the 4th magnitude, is the first star, and is situa- 
te? in the back. 5^ S. of Saiph, in Orion> (About^ the same 
distance below Zeta are the four principSl stars, »in the legs 
and feetj' These form the square^ They are marEed Alpha- 
Beta, Gamma, Delta. (Alpha and Beta otherwise cauled 
Ameb, form the N. W. end of the trapezium, and are about 
3° apart. Gambia and Delta form the S. E. end, and ai:^ 
about 2^0 apaf^Cyhe upper right hand one, which is'Arneb^ 
is the brightest m the four, and is near the centre of tHe con- 

Where is the constellation of the Hare sittiated? When does it come to the meri- 
dian ? What is the whole number of its stars ? What is the magnitude of its principal 
ones J How may It be distinguished? hi what part of the animal are these stars pla- 
ced? Describe the principal star in Lepuji. What are the distance and direction ofthe 
square from Zeta? Describe the stars at each end of this square. Which is the 
i/rightest of the four ? 
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stellation. 0*our or fiy« degrees S. of Rigel are four very 
minute stars, in the ears of the Hare/) 

History.— This coiwtellation is situated about 18^ west of the Great Doa 
which, from the motion of the earth, seems to be pursuing it, as the Grevhoimds 
do the Bear, round the circuit of the slcies. It was one of those animals wliicb 
Orion is said to have delighted in hunting, and wliich, for this reason, was i 
into a constellation and placed near him among the stars. i , 



COLUMBA. 

Noah's DovE.-(^his constellation is situated about 16° S. 
of the Hare, and is nearly on the same^ meridian with the 
"Three Stars," in the belt of Orion; ^t contains only 10 
stars 'j one of the 2d, one of the 3d, and two of the 4th mag- 
nitude*^; of thesejt'haet and Beta are the brightest, and are 
about z^^ ai)art'^ Fhaet, the principal star, lies on the right 
and is the highest. of the two ; Beta may be known^'by means 
of a smaller star just east of it, marked Gamma., (\ line 
drawn from the easternmost star in the belt of Orion, ^2^ di- 
rectly south, will point out Phaet^ it is also 11^° S. of the 
lower left band star in the square of the Hare, and makes 
with Sirius and Naos, in the ship, a large equilateral triangle. 

History,— This consteUation is so^salled in commemoration of the dove which 
Noah "sent forth to see if the waters were abated from off the face of the 
eround," after the aric had rested on mount Aiarat. "And the dove came in to 
him in the evening, and lo, in her mouth was an olive leaf plucked off." 

" The surer messenger, 

A dove -ent forth once, and again to spy 

Green tree or ground, whereon his foot may light : 

The second time returning, in his bill 

An olive leaf he brings, pacific sign!" 



ERIDANUS. 

The River Po.— (This constellation meanders over a large 
and very irregular space in the heavens. It is not easy, nor 
scarcely desirable, to trace out all its windings among the 
star^ Its entire length is not less thai/l30o ; which, for the 
sake of a more easy reference, astronomers divide into two 
sections^ the northern and the southern, .That part of it 
which lies between Orion and the Whale, including the great 
bend about his paws, is distinguished by the name of the 
Northern stream ; the remainder of it is called the Southern 
8trea7rC\ 

T he-northern stream commences near Rigel, in the foot 

Arc these all the stars that are visible In this constellation? Describe the situation 
of Noah's Dove. How many stars does It contain, and what are the principal? Which 
of these are the brightest, and how situated? How may Beta be known ? what Is the 
position of Phaet with regard to Orion?. Describe the general form of the constellation 
Srldanus. What Is its enure length, and how is It divided? By what names are these 
soeUons dl^-tlQ^shed? What are the course and distance of the Northern stream? 

6 
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of Orion, and flows out westerlyr, in a serpentine course, 
nearly 40°^ to the Whale, where it suddenly makes a com- 
plete circuit and returns back nearly the same distance to- 
wards its source, but bending gradually down towards the 
south, when it again makes a similar circuit to the S. W. 
and finally disappears below the horizon"."^ 

.'^est of Rigel there are five or six stars of the 3d and 4th magnitudes, archinc 
up'in a semichcular form, and marking the first bend of the northern streamJ 
/^out 8° below these, or 19° W. of Rigel, is a bright star of the 2d magnitud«f 
Str the second bend of the northern stream, marlced Oomwia. This star cuU 
minates 13 minutes after the Pleiades, and one hour and a quarter before RigeL) 
iTassiric Gamma, and a smaller star west of Jt, there are four stars nearly in a 
row, wnich bring us to the breast of Cetus.- 8*^ N. of Gamma, is a small star 
named Kied, which is thought by some to be conSiaerably nearer tlie earth than 

(Theemim^ in the southern stream, is a star of the 3d magnitude, aoout 17° 8. 
WTof the square in Lepus, and may be known by means of a smaller star, 1° 
above il^Achemar is a brilliant star of the 1st magnitude, in the extremity of 
the soutnem stream ; but having 68° of 6. declination, can never be seen in this 
latitude^]^ ^ 

The whole number of stars in this constellation is'84j of 
which,(oiie is of the 1st magnitude, one of the 2d, and eleven 
are of the 2£} Many of these cannot be pointed out by ver- 
bal description ; they must be traced from the map. 

History.— Eridan us is the name of a celebrated river in Cisalpine GauL also 
called Padus. Its modem name is Po. Virgil calls it the king of rivers. The Latin 
poets have rendered it memorable from its connexion with the fable of Phaeton, 
who, being a son of Phcebus and Clymene, became a favourite of Venus, who 
intrusted him with the care of one of her temples. This favour of the goddesb 
made him vain, and he sought of his father a public and incontestable sign of his 
tenderness, thaL«hould convince the world of his origin. Phoebus, after some 
hesitation, made oath that he would grant him whatever he required, and no 
sooner was the oath uttered, than— 

"The youth, transported, asks without delay. 

To guide the sun's bright chariot for a day. 

The god repented of the oath he took. 

For anguish thrice his radiant head he shook ; — 

My son, si^ys he, some other proof require, 

Rash was my promise, rash was thy desire — 

Not Jove liimself, the ruler of the sky, 

That hurls the three-forked thunder from above, 

Dares try his strength ; yet who as strong as Jove 7 

Besides, consider what impetuous force 

Tur.is stars and planets in a difTrent course. 

I steer against their motions ; nor am I 

Borne back by all the current of the sky : 

But how could you resist the orbs that roll 

In adverse whirls, and stem the rapid polll" 
Phoebus represented the dangers to which he would be exposed in vain. He 
undertook the aerial journey, and the explicit directions of his father were for- 
gotten. No sooner had Phaeton received the reins than he betrayed his igno- 
rance of the manner of guiding the chariot. The flying coursers became sen- 
sible of the confusion of their driver, and immediately departed from the usual 
track. Pliaeton repented too late of his rashness, and already heaven and earth 

Describe Its first bend? Describe the position of Gamma, and tell when It comes to 
the meridian 1 What stars are between Gamma and the Whale? What small star 
about 8° ctbove (kmvma, and what is its distancejrom the earth compared with that of 
Sirim 7 Describe the situation qf Theemim. Describe the position and mafrnitude 
tlfArchernar 7 What is the whole number of stars in this constellation? What is the 
Daa;;nitude of the principal ones'* 



\ • 
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were threatened with a tmiyenal conflagration a« the coDfequence, when Jnpi* 
ter, perceiving tlie disorder of the horses, struck the driver with a thrnidcrboU, 
and hurled him headlong from heaven into the river Eridanus. His body, con* 
Rumed with fire, was found by the nymphs of the place, who honooretl njm with 
a decent burial, and inscribed this epitaph upon his tomb : — 
. *' Hie sittis eat Phaeton^ currua auriga patemi : 
Quene ai rum tenuity fkagnia tamen escidit attaia.** 

His sisters mourned his unhappy end, and were changed by Jupiter into 
poplars. 

*< All the long night their moumlul watch they keep, 
And aU the day stand round the tomb and weep."— Ovm. 
It is said the tears which they shed, turned to amber, with which the Fhoeal* 
eians and Carthaginians carried on in secrecy a most lucrative trade. The great 
heat produced on the occasion of the sun's departing out of his usual course, is 
said to have dried up the blood of the Ethiopians, and turned their skins black ; 
and to have produced sterility and barrenness over the greater part of Lyblc 
** At once from life and from the chariot driven, 
Th' ambitious boy fell thunderstruck from heaven." 

"The breathless Phaeton, with flaming hair, 
Shot from the chariot like a falling star, 
That in a summer's evening from the top 
Ofheav'n drops down, or seems at least to drop, 
Till on the Po his blasted corpse was huil'd, 
Far from his country, in the western world." 
The &ble of Phaeton evidently alludes to some extraordinary heats which 
were experienced in a very remote period, and of which only this conftised tra» 
dition has descended to later times. ,^ 



^//.lA ^<^- ^' - ''^ AURIGA, i^ -' ;.' ^"^ 

<Jhb CHARiofEER, Called also the Wagoner, is represented 
on the celestial map by the ligure of a man in a declining 
posture, resting one foot upon the horn of Taurus, with a 
goat and her kid^ in his left hand, and a bridle in his rigb^ 

It is situated(S. of Taurus aftd Orion, between Perseusj)n 
th^ W. and the Lynx on the K^ Its mean declination is(j5o 
N. ; so that when on the meridian, it is almost directly over 
head in New Englandp It is on the same meridian with 
Orion, and culminates at the same hour of jthe nighu Both 
of these constellations are on the meridian^tjD o'cIock on the 
24th of January, and 1 hour and 40 minutes east of it on the 
1st of Januar;^ . ^-^ . 

The whole number of visible stars in Auriga^yis66^ inclu- 
din^^e of the Island one of the 2d magnitude^ wWch mark 
the shoulders. C^7>c/^is the principal star m this constel- 
lation, and is one of the most brilliant in the heavens. It 
takes its name^om Capella, the goat, which hangs upon the 
left should^ It is situated<m the west shoulder of Auriga, 

How is the constel'ation Auriga repiesented? Whejre is it situated? What Is its mean 
declinatinn, and what Its position on the meridian? How is it situated in respect to 
Orion? When are these constellaUons on the meridian? What Is the whole number 
of visible stars in Auriga? How many of the 1st and 9d mamitude? What Is the name 
ofthe principal star, and whence dertved? Wliere is this situated? ^ 
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24© E. of Algol, and 28° N. E. ^f the Pleiades! It may be 
knowi<[§(^ a little sharp-pointed tria^kforme^Dy three stars. 
30 or 40 this side of it, on the leftjCU is also 18° N j of El 
Nath^ which is common to the normern horn of Taurus, and 
the right foot of Auriga. Capella comes to the meridian on 
(the 19th of January, just 2^ minutes before Rigel/ in the foot 
of Orion, which it very much resembles in brightness. 

Menkalina, in the east shoulder, is a star of the 2d ma^itade, 7k° E. of Capella, 
j(in7rculminates the next minute after Betelguese, 37}^^ S. of iU Theta, iu the 
(right arm. is a star of the 4Ui magnitude, 6° directly south of Menkalinap 
^- It may be rej;)[^li:ed as a curious coincidence, tliat the two stars in the shoul- 
ders of Aurig^re Qf the same magnitude, and just as far apart as thosein Orion, 
and opposite toTTiem. Again, the two stars in the shoulders of Auriga, with the two 
in the shoulders of Orion, mark the extremities of a lone, narrow parallelogram, 
lying N. and S., and whose leng h is just five times its breadth. Also, the two 
stars iu Auriga, and the two in Orion, malce two slender and similar triangles, 
both meeting in a common point, half way between tliem at El Nath, in the north- 
era.horn oi'TauruO 

C^elta, a star of tKe 4th magnitude in the head of Auriga, is about 9° N. of the 
two in the shoulders, with which it makes a Ariangle, about half the height of 
those just alluded to, with the vertex at DeltV-.The two stars in the shoulders 
are therefore the base of two similar triangles, pne extending about 9° N., to the 
head, the other 18° S., to the heeLon the top orthe horn : both figures together 
resembling an elongated diamond 

(^elta in the head, MenkaUna in the right shoulder, and Theta in the arm of 
Auriga, make a straight line with Betelguese in Orion, Delta in the square cff the 
Jiace, and Beta in Noah's Dov^ all being very nearly on the same meridian, 
[i°W of the solstitial colure. 



" See next the Goatherd with his kids ; he shines 
With seventy stars, deducting only four. 
Of which Capella never sets to us,* 
And scarce a star with equal radiance oeams 
Upon the earth : two other stars are seen 
Due to the second order."— f7t«fo«to. 
HisTOBT.— The Greeks give various accounts of this crastellation ; some sup- 
pose it to be Erichthonius, the fourth king of Athens, and son of Vulcan and Mi- 
nerva, who awarded him a place among the constellations on account of his many 
useful inventions. He was of a monstrous shape. He is said to have invented 
chariots, and to have excelled all otheriS in the management of horses. In aUu- 
sion to this, Virgil has the following lines : — •^ 

"Primus Erichthonius currus et quatuor ausus 
Jungere equos, rapidisque rotis insistere victor." 

Georgic. IJb. iii. p. 113 
"Bold Erichthonius was the first who join'd 
Four horses for the rapid race design'd, 
And o'er the dusty wheels presiding sate "—Dryden. 
Other writers say that Bootes invented the chariot, and that Auriga was the 
■on of Mercury, and charioteer to CEnomaus, king of Pisa, and so experienced, 
•hat he rendered his horses the swiftest in all Greece. But as neither of these 
&ble8 seems to account for the goat and her kids, it has been supposed that they 
refer to Almathsa and her sister Melissa, who fed Jupiter, during his infancy, 

♦ In the latitude of London ; but in the latitude of New England, Capella disappears 
below the horizon, in the N. N. W., for a few hours, and then reappears in the N. N. B. 

How may it be known? "What are its dlsttmce and direction from El Nath, In the 
bom of Taurus ? When does Capella come to the meridian ? Describe the star in the 
east vhoulder qf Auriga. Dettcriie Theta. IVkai eurioutt coincidence exists between 
Ou stars in the ahouldera of Auriga and those in the shoulders ofOrionf Describe the 
eituation of Delta. The two stars in the shoulders (if Auriga form the base qftwo tri- 
mngtes ; pUuise describe them. What stars in Auriga, Orion, the Hare, and the Dove, 
ar^n the same meiriditm ? Howjiir is this line qf stars west qfthe solstitial cohtre 7 
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with goat's milk, and that, as a reward for the^ kindness, they were placed in 
the heavens. Brit there is no reason assifrned for their being placed in the arms 
of Auriga, and the inference is unavoidable, that mythology is in fault on this 
point. 

Jamieson is of opinion that Auriga is a mere type or scientific symbol of the 
beautiful fable of Phaeton, becaus'e he was the attendant of Phoebus at that re* 
mote period when Taurus opened the year. 



CAMELOPARDALUS. 

The Camelopard. — This constellation was made by He- 
velius(6ut of the unformed stars which lay scattered Ibetween 
Perseus, Auriga, the head of Ursa Major, and the Pole StarT) 
It is situated (liirectly N. of Auriga and the head of the Lyn^ 
and occupies^early all the space between these and the pofe. 
It contains (oS^smail stars ; the five largest of which are only 
of the4ta magnitude. The principal star lies in the thigh, 
and is (Snout 20° from Capella, in a northerly direction. It 
marks me northern boundary of the temperate zone ; being 
less than one degree S. of the Arctic circle. There are two 
other stars of the 4th magnitude(£ear the right knee, 12° N. E. 
of the first mentioned They may be known by their standing 
1° apart and alone. 

The other stars in this constellation are too small, and too 
much scattered to invite observation. 

History. — The Camelopard is so called from an animal of that name, peculiar 
to Ethiopia. This animal resembles both the camel and the leopard. Its body 
is spotted like that of the leopard. Its neck is about seven feet long, its fore and 
hind legs, from the hoof to the second joint, are nearly af the same length ; but 
from the second Joint of the legs to the body, the fore legs are so lon^ in com- 
parison with the nind ones, that no person could sit ujpon its back, without in* 
stantly sliding off as from a horse that stood up on his hmd feet 



CHAPTER IV. 

DIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE ON 
THE MERIDIAN IN FEBRUARY. 

THE LYNX. 

The constellation of the Lynxj^ike that of the Camelopard, 
exhibits iw very interesting features by which it can be dis- 
tinguished) It contains only a moderate number of inferior 
stars, scattered over a large space N. of Gemini, and between 
Auriga and Ursa Major. The whole number is ^ including 

Of what was the Camelopartl made t Where is It situated f What is the whole num- 
ber of stars? What Is the magnitude of the largest? What are the name and position 
of the principal one? Where are the other principal stars situated? How may they 
be known? Ivhence does it derive Us name? j£hat is the situation of the Lynxt 
What are the number and magnitude of its stars ?^*^ 
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only three that are so large.as the 3d magnitude. The lar;jest 
of these, near the mouth, <is in the solstjtial colure, 14^° N. of 
Menkalina, in the E. shoumer of Auri^^ The other two prin- 
cipal starsQare in the brush of the tail,^^o S. W. of another 
star of the same brightness in the mouth of the Lesser Lion, 
with whic]]^ it makes a small triangle. Its centre is on the 
meridian^ 9 o'clock on the 23d, or at half past 7 on the 1st, 
ofFebrus^ 

History -%is constellation takes its name from a wild beast which Is said to 
be of the genns of the wolf. * 



GEMINL"^ 

The Twins.— frhis constellation represents, in a sitting 
ppsturCj the twin nrothers, Castor and Pollux.") 
Qjemmi is the third sign, but fourth constellation)aji the - 
oraer of the Zodiac, and is situated south of the Lynx^he-' 
tween Cancer on the east, and Taurus on the westyj[he 
orbit of the earth passes through the centre of the constella- 
tion) ;As the earth moves round in her orbit from the first 
point of Aries to the same point again, the sun, in the mean- 
time, ;vvill appear to move through the opposite signs, or those 
which are situiOed right over against tne earth, on the other 
side of her orbit^ 

Accordingly, if we could see the stars as the sun appeared 
to move by them, we should see it passing over the constel- 
Jation Gemini between the ^ 1st of June and the 23d of July^ 
\but we seldom see more than a small ^art of an^onstellation 
through which the sun is then passing, because the feeble 
lustre of the stars is obscured by tne superior effulgence of the 
sjjn. 

' When the sun is just entering the outlines of a constellation on the east, its 
western limit may be seen in the morning twilight, just above the rising sun. So 
when the sun has arrived at the western limit of a constellation, the eastern part 
t)f it may be seen lingering in the evening twilight, just behind the setting sutQ 
Under other circumstances, when the sun i&sai'd to be in, or to enter, a particu- 
lar constellation, it is to be understood thatQiat constellation is not then visible, 
but that those opposite to it, are^ For example : whatever constellation sets with 
the sun on any day, it is plain Inat the one opposite to it must be then rising, 
and continue visible through the night. Also, whatever constellation rises and 
sets with t^e sun to-day, will, six months hencc,(rise at sun-setting, and set at 
sun-rising.^) For eCxample :(the sun is in the centre of Gemini about the 6ih of 

Describe the position of the largest. Describe the I'ositlon of the other two prlnclpnl 
stars. What are their distance and direction ftom the one In the head? When is its 
centre on the meridian? f Describe the position and appearance of the Twins. Wliat 
is the relative position or Gemini among the sl^ns and constellations of the Zodiac? 
How is the orbit of the earth situated, with respect to these constellations? How do 
the sun anJ earth appear to move through these signs? When does the sun appear to 
*tpass through the constellation Gemini? Do we usually see the constellations while 
the sua is basslng through them? Under what ctrcumstances cem toe ue 9ome part q.* 
thmi 7 When the sun is in or entering any constellation, art the opposite constetta 
tions visible or not? If a conatOiatUm rise with the sun to-dav, how wiXl it rise six 
months hence? Give an example. 
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^ July, and mast rise and set with it on that daj ; consequently, six months from 
that time, or about the 4th of January, it will rise in the east lust when the mm. 
is setting in the west, and wilt come to the meridian at midnight ; being then e» 
actly opposite to the sun. ) 

Now as the stars gain upon the sim at the rate of two hours every month, ft 
follows that the centre of tins constellation will,' on the 17th of February, coma 
lo the meridian^hreo liours earlier)or at 9 o'clock in the evening. 

It would be a pleasant exercise for students to propose questions to each 
other, somewhat lilce the following :— What zodiacal constellation will rise and 
set with the sun to-day 1 What one will rise at sun-setting 1 What consteilation 
ia three hours high at sun-set, and where will it be at 9 o'clock 1 What constel- 
lation rises two hours before the sun? How many days or months hence, and 
at what hour of the evening or morning, and in what part of the sky shall we see 
the constellation whose centre is now where the su^ is 1 &c., Ac. 

In solving these and similar questions, it may be remembered that the son \» 
in the vernal equinox about the 2l6t of March, from whence it advances through 
. one sign or constellation every succeeding month thereafter; and that each con- 
4iteUation is one month in advance of the sign of tliat name : wherefore, reckon 
Pisces in March, Aries in April, Taurus in May, and Gemini in June, &c. ; be- 
ginning with each constellation at the 21st, or 2^ of the month. 

Gemini contain^85\stars, including one of the 1st, one of 
the 2d, four of the 3d,4nd seven of the 4th ma^itudes. It is 
readily recognised ^y means of the two principal stars, Ceu- 
tor and Pollux, of the 1st and 2d magnitudes, in the head of 
the Twinsj about 4J° apart. ^ 

There being only 11 minutes' difference in the transit of 
these tw'o stars over ihe meridian, they may both be consid- 
,^ed as culminating (at 9 o'clock about the 24th of February) 
(Castor, in the head of Castor, is a star of the 1st magnitude, 
4 Jo N. W. of Pollux, and is the northernmost and the bright- 
est of the two^ {Polliuc, is a star of the 2d magnitude, in the 
head of Pollux, and is 4^° S. E. of Castor .^ (This is one of 
the stars from which the moon's distance is csiTculated in the 
Nautical AlmanaCj^ 

■ "Of the famed Ledean pair, 

One most illustrious star adorns their sign. 
And of the second order shine twin lights.'' 

. The relative magnitude or brightness of these stars has 

undergone considerable changes at different periods ; whence 

it has been conjectured by various astronomers that Pollux 

must vary from the 1st to the 3d magnitude.N ^ut Herschel, 

who observed these stars for a period of 25 years, ascribes the 

variation to Castor, which he found to consist of two stars, 

very close together, the less revolving about the larger once 

in 342 years and two months. 

Bradly and Maskelyne found that the line joining the two stars which form 
Castor was, at ail times of the year, parallel to the line joming Castor and Pollux ; 
and that both of the former move around a common centre between them, in 

If a conateUcUion come to the meridian at midnight to-day, htno long before it vrtXL 
come to the meridian at 9 o'clock in the evening 7 If the constellation Gemini eome to 
the meridian at midnight, an the Ath cf January, when loiU it culminate at 9 o'clptkt 
Wkat is the number of stars in Gemini? By what means is it teadily recognlBedi 
When do these stars cuhnlnate? Describe Castor. Describe PoUux. Pot what wbt- 
pose IS It observed at seal Is the brightness of these two stars always the samel who 
ascilbes this variableness to Castor, and for what xeasoni 
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orbits nearly circular, as two balls attached to a rod would do, if suspended by a 
su'ing aBxed to the centre of gravity between them. 

"These men," says Dr. Bowditch, "were endowed with a sharpness of vision, 
and a power oi penetrating into space, almost unexampled in the history of as* 
trpnomy." 

CAbout 20^ S. W. of Castor and PoUujc, and in a line nearly parallel with them, 
is a row of stars 3° or 4^ &ps^% chielly of the 3d and 4th magnitudes, which dis* 
Unguish the feet of the twins'Yl^he brightest of these is Alhena, in Pollux's upper 
foot ; the next small star S. m it, is in his other foot : the two upper stars in the 
line next above Gamma, marlc Castor's feet.]) 

( This row of feet is nearly two thirds of the distance from Pollux to Betelguese 
iir Orion, and a line connecting them will pass through Alhena, the principal star 
in the feetN (About two tliirds of Uie distance from the two in the head to those 
in the feeI7 and nearly parallel with them, there is anotlier row of three stars 
^out 6° apaxt, which marlc the knces!\ 

There are, in this constellation, two'other remarkable parallel rows, lying at 
right angles with the former ; one, leading from the head to the foot of Castor, 
tlie brightest star beinz in the middle, and in the luiee: the other, leading from 
the head to the foot of Pollux, the brightest star, called Wasat. being in the body, 
and Zeta, next below it, in the knee. 

^kVasat ia-in the ecliptic, and very near the centre of the constellationoi ThQ 
Iwb stars, (Mu and Tejatljin the northern foot, are also very near the ecliptic i) 
. Vejat is a small star of Detween tiie 4th and 5th magnitudes, 2^ W. of Mu, and 
deserves to be noticed because it marks the spot of the smmner solstice, in the 
tropic of Cancer, just where the sim is on the longest day of the year, and is, 
moreover, tlie dividing limit between tlie torrid and the N. temperate zone. 

PropuSf also in the ecliptic. 2^° W. of Tejat, is a star of only the 5th magni- 
tude, but rendered memorable as being the star which served for many years to 
determine the position of the planet Ilerschel, after its first discovery. 

Thus as we pursue tlie study of the stars, we shall find continuallv new and 
more wonderful developments to engage our feelings and reward our labour. We 
shall have the peculiar satisfaction of reading the same volume that was spread 
out to the patriarchs and poets of other ages, of admiring what they admired, and 
of being led as they were led, to look upon these lofty mansions of beiiijr as hav- 
ing, above them all, a common Father with ourselves, " who ruteth in the ariiiies 
of heaven,''and bringeth forth their hosts by number." 

History.— Castor and Pollux were twin brotliers, sons of Jupiter, by Leda, 
the wife of Tyndarus, king of Sparta. The manner of their birth was very sin- 
gular. They were educated at Pallena, and afterwards embarked with Jasoa in ' 
the celebrated contest for the golden fieece, at Colchis ; on which occasiuu they 
behaved with unparalleled courage and bravery. Pollux distinguished hiaiKtlf 
by his achievements in arms and personal prowess, and Castor in equestrian 
exercises and the management of horses. Whence they are represented, in the 
temples of Greece, on white horses, armed with spears, riding side by side, 
their heads crowned with nftetastis, on whose top glittered a star. Among the 
ancients, and especially among the Romans, there prevailed a superstition liiat 
Castor and Pollux often appeared at the head of their armies, and led on their 
troops to battle and to victory. 

<* Castor and Pollux, first in martial force, 
One bold on foot, and one renown'd for horse. 
Fail Leda's twins in time to stars decreed. 
One fought on foot, one curb'ci the fiery steed.-'— Virgil. 
"Castor alert to tame the foaming steed. 
And Pollux strong to deal the manly deed." — Martial. 

The brothers cleared the Hellespont and the neighbouring seas firom pirates, 
after their return from Colchis ; from which circumstance tliey have ever since 
been regarded as the friends and protectors of navigation. In the Argonautic 
expedition, during a violent storm, it is said two flames of fire were seen to play 
around their heads, and immediately the tempest ceased, and the sea was cahu. 

Deacrtbe the ttan tofUch mark the feet qft/u Twins. Specify the stars in each. Hoto 
is this rnt/* situated with respect to Orion 7 Describe the second row of stars in this 
eofwleOtfwn. Arethereyet other rows in this consteUaUon 7 Describe them. WheO. 
U the fosition of Wasat 7 Tioo other Mars are very near the ecli]Mic ; mention them. 
Describe the poiition cf Tefat. Give a description qfthe star Fropue. 
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From this circumstance, flie sailors inferred, that whenerer both fires appeared 
In the 6ky, it would be nir weather : but when only one appeared, there wooU 
be storms. 

St. Paul, after being wrecked on the island of Melita, embarked for Rome "hi 
a ship whose sign was Custor and Pollux;" so formed, no doubt, in acoorcfence 
Avith the popular belief that these divinities presided over tlie science and safety 
of navigation. 

They were initiated iuto the sacred mysteries of Cabiri, and into those of Ceres 
and Eleusis. They were invited to a feast at which Lynceus and Idas were goinft 
to celebrate their nuptials with Phcebe and Telaria, the daughters of Leucippus, 
biother to Tyndarus. They became enamoured of the daughters, who were 
al>out to be married, and resolved to supplant their rivals : a battle ensued, in 
which Castor killed Lynceus, and was himself killed by Idas. Pollux revenged 
the death of his brother by killlhg Idas ; but, Being himself immortcU^ and most 
tenderly attached to his deceased brother, he was unwilling to survive him ; he 
tlierefore entreated Jupiter to restore him to hfe, or to be deprived himself of 
imuiortality ; wherefore, Jupiter permitted Castor, who liad been slain, to share 
the imuiortality of Pollux ; and consequently, as long as the one was upon earth, 
so long was the other detained in the mfemal regions, and they alternately Uvea 
and died every day. Jupiter also further rewarded their fraternal attacnment 
by changing them both into a constellation under tlie name of Gemtnt, Tudnt^ 
which, it is strangely pretended, never appear together, but when one rises th« 
other sets, and so on alternately. 

" By turns they visit this ethereal sky. 

And live alternate, and alternate die."— Uomer. 
"Pollux, offering his alternate life. 
Could free his'brother, and could daily go 
By turns aloft, by turns descend below."-— FiV^'/. 
Castor and Pollux were worshipped both by the Greeks and Romans, who 
sacriftced white lambs upon their altars. lu the Hebrew Zodiac« the consteUa* 
tlon of the Twins refers to the tribe of Benjamin. > 
-4- 

CANIS MINOR. 

The Little DoG.-*^his small constellation is situated 
about 5° N. of the equinoctial, and midway between Canis 
Major and the Twins. ^ lit contains 14 stars, of which two are 
very brilliant?^ y'^® btiglitest star is called Procyon, It is 
of the 1st magnitude, and is about 4«5 S. E. of the next bright- 
est, marked Gomelza, which is of the 2d magnitude. 

These two stars resemble the two in the head of the Twins. 



Procyon, in the Little Dog, Us 23^ S. of Pollux in Gremini, 
and Gomelza is about the same distance S. of Castor. 

(^ great number of geometrical figures'^ may be formed of 
the principal stars in the vicinity of the tittle Dog. For ex- 
ample ; Procyon is 23° S. of Pollux, and 26° E. of Betelguese, 
and forms with them a large right angled triangle. Again : 
Procyon is equidistant from Betelguese and Sirius, and forms 
with them an equilateral triangle whose sides are each about 
26°. If a straight line, connecting Procyon and Sirius, be 
produced 23° farther, it will point out Phaet, in the Dove. 

Describe the situation of Canis Minor. What is Its whole number of stars? What 
is the Diagnitude of its principal ones .» Whiit is liie brightest one calle«I, and how is 
11 situated? What other stars do Procyon and Gomel za resemble t What are the distance 
and direction of Procyon from Pollux ? Of Gomelza ftom Castor ) What are their distance 
and dlrecUon from Castor and Pollux? What kind of figures may be formed or «!• 
•tars In the neighbourhood of the Llttie Dog i Give some examples. 
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(Procyon)is often taken for the name of the Little Dog, or 
for the whole constellation, as Sirius is for the greater one ; 
hence it is common to refer to either of these constellations 
by the name of its principal star. Procyon comes to the me- 
ndian 53 minutes after Sirius, on the 24th of February ; 
ulthou^h it rises, in this latitude, about half an hour before it. 
' For this reason, it was called Procyon, from two Greek worda 
which signify {Ante Canis) " before the dog." 

"Canicula, fourteen thy stars ; but far 
Above them all, illustrious through the skies, 
Beams Procyon; justly by Greece thus called 
The bright jorerunner of the greater Dog." 

HxsTOBT.— The Little Dog, according to Greek fable, is one of Orion's hounds. 
Borne suppose it refers to the Egyptian god Anubis, which was represented with 
a dog's head : others to Diana, the goddess of hunting ; and others, that it is the 
iaithful dog Msra, which belonged to Icarus, and discovered to his daughter 
Erigone the place of his burial. Others, again, say it is one of Actseon's hounds 
that devoured their master, after Diana had transformed him into a stag, to pre> 
▼ent| as she said, his betraying her. 

"This said, the man began to disappear 
By slow degrees, and ended in a deer. 
Transform'd at length, he flies away in haste, 
And wonders why he flies so fast. 
But as by chance, within a neighb'ring brook. 
He saw his branching horns, and alter'd look. 
Wretched Actceon ! in a doleful tone 
He tried to speak, but only gave a groan ; 
And as he wept, within the watery glass. 
He saw the big round drops, with silent pace. 
Run trickling down a savage, hairy face. 
What should he do 1 or seek liis old abodes. 
Or herd among the deer, and skulk in woods 1 ^ 

As he thus ponders, he behind him spies 
His opening hounds, and now be hears their cries. 
From shouting m^n, and horns, and dogs, he flies. 
When now the fleetest of the pack that press'd 
Close at his heels, and sprung before the rest, 
Had fasten'd on hii^ straight another pair 
Hung on his wounded side, and held him there. 
Till all the pack came up, and every hound 
Tore the sad huntsman grovelling on the ground."* 

It Is most probable, however, that the Egyptians were the inventors of this con- 
ttellation ; and as it always rises a little before the Dog-star, which, at a particu- 
lar season, they so much dreaded, it is properly represented as a little watchful 
creature, giving notice like a faithful sentinel of the other's approach. 

* It Is not difficult to deduce the moral of this ^ble. The selfishness and caprice of 
human flrlendship flimish daily illustrations of IL Wliile the good man, the philan- 
thropist, or the public benefactor, Is In affluent circumstances, s^nd, with a heart to 
devise, has the power to minister blessings to his numerous beneficiaries, bis virtues 
aro the general theme: but when adverse storms have changed the ability, though 
they could not shake the will of their benefactor, he is straightway pursued, like Ac- 
tnon, by his own hounds ; and, like Actaeon, he is " torn to the ground" by the fangs 
that fed upon his boumty.— L. Q. C L. 

What name Js usually given to the Little Dog? When docs Procyon rise and culmi 
nate, with resi^ct to ttie Dog star? What name, for thlp reason, was given to this 
•onstellation? 
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^ MONOCEROS. 
The Unicorn.— \T his is a modem constellation, which was 
made out of the unfonned stars of the ancients that lay scat* 
lered over a large space of the heavens between the two 
Dogs^ It extends a considerable distance on each side of the 
equinoctial, and its centre is on the same meridian with 
Pjocyon. , 

( It contains 31 small stars,*^ of which the seven principal 
ones are of only /the 4th magnitude^ Three of these are 
situated in the hekd, 3^ or 4<^ apart, forming a straight line 
N. E. and S. Vi, about 9° E. of Betelguese in Orion's shoul- 
der, and about the same distance S. of Alhena in the foot of 
the Twins.^ 

The remaining stars in this constellation are scattered over 
a large space, and being very small, are unworthy of particu- 
lar notice. 

History.-- Thb Monocbbos is a species of the Unicom or Rhinoceros. R !■ 
about the size of a horse, with one white horn growing out of the middle of its 
forehead. It is said to exist in the wilds of Ethiopia, and to be very formidable. 

Naturalists sa^ that, when pursued by the hunters, it precipitates itself from 
the tops of the highest rocks, and pitches upon its horn, which sustains the whole 
force of its (all, so that it receives no damage thereby. Sparmann informs us. 
that the figure of the unicorn, described by some of the ancients, has been ^una 
delineatedf on the surface of the rock In Caffraria ; and thence conjectures that 
such an animal, instead of being fabulous, as some suppose, did once actiuilty 
exist in Africa. Lobo affirms that he has seen it 

The rhinoceros, which is akin to it, is found in Bengal, Slam, Cochin China, 
part of China Proper, and tlie isles of Java and Sumatra. 



CANIS MAJOR. 



The Great Doo.-O'his interesting constellation is situa- 
ted southward and eastward of Orion, ; and is universally 
known by the brilliance of its principal star, Sirius^ which is 
apparently the largest and brightest m the heavens.]It glows 
in the winter hemisphere with a lustre which is unequalled 
by any other star in the firmamentr} / 

Its distance from the earth, though computed a1|20 millions 
of millions of miles, is supposed to be less than that of any 
other star •% distance, however, so great that a cannon ball, 
which flie^at the rate of 19 miles a minute, would be two 
millions of years in passing over the mighty interval^ while 
sound, moving at the rate of 13 miles a minute, would reach 
Sirius in little less than three millions of years. 

What stars compose the constellation Monocerosl How Is this constellation situ- 
ated, ana when is it on the meridian l What Is the whole number of Its stars? What 
l< the magnitude of its principal ones? Describe those hi the head. Describe the po- 
^ixion and appearance of Canis Major. What is its appearance in the winter? What 
»s its distance ftcm the earth computed to be, and how is it compared with that of the 
trther stars ? How long would it take a cannon-ball to pass over this distance to what 
time woidd sound reach Sirlns from the earth 7 
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It may be shown in the same maimer, that a ray of light, which occupies only 
8 minutes and 13 seconds in coming to us from the sun, vhicli is at thei rat^of 
nearly two hundred thousand miles a second, would bflD years and 82 dayflin 
passing through the vast space that lies between Sirius and the earth.' Cotree* 

2uently, were it blotted from the heavens,; its light would continue visible to us 
>r a period of 3 years and 82 days after it had ceased to be. J 
If the nearest stars give such astonishini; results, what sRall we say of thoso 
which are situated a thousand times &a far ieyond these, as these are from ubI 

^n the remote ages of the world, when every man was his 
own astronomer, the rising and setting of Sirius, or the Dog- 
star, as it Js called^ was watched with deep and various so- 
licitude?) &he ancient Thebans, who first cultivated astro- 
nomy in Egypt, detenimed the length of the year by the 
number of its risin^)vXhe Egyptians watched its rising 
with mjngled apprenensions of hope and fear; as it was 
ominouSto them of agricultural prosperity or blighting 
droughO It foretold to them(Bie rising of tne Nile, which 
they caHed Siris, and admonished them when to so^ The 
Romans were accustomed yearly, to sacrifice a dog to Sirius 
to render him propitious in his influence upon their herds and 
fieldi> The eastern nations^enerally believed the rising of 
Sirius would be productive or great heat on the earthT^ 

Thus Virgil : — 

" Turn steriles exurere Sirius agros : 

Axdebant herbsB, et victum seges aegra negabat" 

"Parched was the grass, and blighted was the com : 

Nor 'scape the beasts ; for Sirius, from on high, 
With pestilential heat infects the sky." 

Accordingly, (to that season of the year when Sirius rc-e 
with the sun ana seemed to blend its own influence with the 
heat of that luminar^^the ancients gave the name of I)og- 
daySy(Die8 Caniculares). At that remote period the Dogt- 
daysfeommenced on the 4ih of Atfgust, or four days after the 
sumifter §olstice, anil lasted forty days or until the 14th of 
September^ At present the Dog-days begin on the^'^d of 
July, and continue to the 11th of AugustJ» being one day les.s 
than the ancients reckoned. 

Hence, it is plain that the Dog-days of the moderns havei'no 
reference whatever to the rising of Sirius) or any other star, 
because the time of their rising is perpetually accelerated by 
the precession of the equinoxes : they have reference then 
only to the summer solstice which never changes its position 
in respect to the seasons. 

How long (alight in coming from Sirius to the earth 1 Suppose this star were noto to 
be blotted from the heavens, how long before Us twinkling would expire 7 How was the 
rising of Sirius regarded in the remote ages of the world? What use was made of it 
by the ancient Thebans 1 How did the Egyptians regard it, and for what reason? 
What did it foretel to themi "What did the Romans oflfer in sacrifice to Sirius annually? 
why? How was it regarded by the eastern nations generally? What season of the 
year did the ancients call Dog days? When did these begin, and how long did they 
last? At present, when do they begin and ^nd « Have our Dog-days an3' reference to 
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The time of BIrius' riviog varies with the latitude of the place, tad fai the nme 
latitude, ia sensibly cbaoged alter a course of years, oo account of the prece»> 
fiion at the equinoxes. This enables us, to determine with approximate accu* 
racy, the dates of many events of antiquity, which cannot be well determined 
by other records. We do not know, for instance, in what precise period of the 
world Hesiod flourished. Yet he tells us, in his Opera et Diea^ lib. li. v. 18&. tliat 
Arcturus in his time rose heliacally, 60 days alter the winter solstice, which, 
then was in the 9th degree of Aquarius, or 39<^ beyond its present position. Now 
39° *. 50^" —2794 years since the time of Hesiod, which corresponaB very ncarllf 

^en a star rose a^jpn-setting, or set at son-rlsi^^tWas caOed the Aehrtml' 
.-. Tisinff or setting. <(when a planet or star S4>pel?bd above the heriam jiut 
before the sun, in the aToming^it was called the HeUcMU rising of the atar ; and 
when it sunk below the horizon immediately after the sun, in the evening It was 
called tlie HeHaccU settin^Q^ According to Ptolemy, stars of the first magWtnde 
are seen rising and setting when the sun is 12*^ below the horizon ; stars of the 
ad magnitude require the sun's depression to be 13^ ; stars of the 3d magnitude, 
14°, and so on, allowing one degree for each magnitude. The rising and setting 
of the stars described in this way, since this mode of description often occurs 
d&H esiod. Virgil, Columella, Ovid, 1?Iiny, &c. are called poetical rising md setU ^ 
ting. ^|hey served to mark the times of religious ceremonies, the seasons al* ' 
lotted to the several departments of husbandry, and the overflowing c^^^KUe » i 

The student may be perplexed to understand how the 
Dog-star, which he seldom sees till mid-winter, shpuld be 
associated with the most ferv^id heat of summer. Cfbis is 
explained by considering that this star, in sunmier, is oyer 
our heads in the daytime^ and in the lower hemisphere at 
night?) As " thick the lioor of Keaven is inlaid with patines 
of bright gold," by day, as by night ; but #n account of the 
superior splendour of the sun, we cannot see them.N 

Sirius IS situated nearly S. of Alhena, in the Ifeet of the 
Twins, and about as far S. of the equinoctial as Alhena \s 
N. of it. It is about 10° E. of the Hare, and 26<5 S. of Be- 
telguese in Orion, with which it forms a large equilateral 
triangle. It also forms a similar triangle with Phaet in the 
Dove, and Naos in the Ship. These two triangles being joined 
at their vertex in Sirius, present the figure of an enormous 
X, called by some, the Egyptian X. Sirius is also pointed 
out by the direction of the Three Stars in the belt of Orion. * 
Its distance from them is about 23°. It comes to the meri- 
dian at 9 o'clock on the 11th of February. 

Mirzam, in the foot of the Dog, is a star of the 2d magni^ 
tude, 5^o W. of Sirius. A little above, and 4° or 5° to the 
left, there are three stars of the 3d and 4th magnitudes, form- 
ing a triangular figure somewhat resembling a dog's head. 



%Vhat ia meant by the Achronlcal rising and setting qf the etara 7 What, hy their 
Heliacal rising and setting 1 By tahom were the terms thus applied, and what were 
these risings and settings called 7 What did they serve? Explain how it is, that the 



Dog-star, which Is seldom seen till mid-winter, should be associated with the most 
fervid heat of summer. Are theie as many stars over our head in the daytime as In 
the night? Describe the situation of Sirius. What Is its position with regard to Be- 
telgnese and Procyon, and In connexion with them what figure does it form) With 
what other stars does it form a similar triangle? What Is the appeuance of these tw* 
triangles taken mgethen How else is Sirius pointed outi Describe the position and 
msgnltude of Mlrzam What stars maik the head of the Dog 1 

7 
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The iMightest of them, on the left, is called Muliphen. It 
entirely disappeared in 1670, and was not seen again for 
more than 20 years. Since that time it has maintained a 
steady lustre. 

Wesen is a, star of between the 2d and 3d magnitudes, in 
the back, 11° S. S. E. of Sirius, with which, and Mirzam in 
the paw, it makes an elongated triangle. The two hinder 
feet are marked by Naos and Lambda, stars of the 3d and 4ih 
magnitudes, situated about 3° apart, and 12° directly S. of 
the fore foot. This constellation contains 31 visible stars, 
including one of the 1st magnitude, four of the 2d, and two 
of the 3d ; all of which are easily traced out by the aid of 
the map. 

History.— Manilius, a Latin poet who flourished in the Augustan age, wrote 
an admirable poem, in five books, upon the fixed stars in which he thus speaks 
of this constellation:— 

"All others he excels ; no fairer lisht 
Ascends the skies, none sets so clear aihl bright." 
But EuDOSiA best describes it :— 

*' Next shines the ^Dog with sixty- four distinct ; 
Fam'd for pre-eminence in envied song, 
Tlieme of Homeric and Vii^ilian lavs : 
His fierce mouth flames with dreaded Siriua ; 
Three of his stars retire with feeble beams." 
According to some mythologists, this constellation represents one of Orion's 
hounds, which was placed in the sky, near this celebrated huntsman. Others 
swr it received its name in honour of the dog given by Aurora to Cephalus, 
which surpassed in speed all the animals of his''species. Cephalus, it is said at- 
tempted to prove this by running him agunst a fox, which, at that time, was 
thought to be the fleetest of all animals. After they had run together a long 
time without either of them obtaining the victorv, it is said that Jupiter was so 
much gratified at the fleetness of the dog t^iat tie assigned him a place in the 
heavens. 

But the nune and form of this constellation are, no doudt, derived from the 
Egyptians, who, carefullv watched its rising, and by it judged of the swelling of 
the Nile, which they called Siris, and, in their hieroglyphical manner of writing, 
since it was as it were the sentinel and watch of the vear, represented it under 
the figure of a dog. They observed that when Sirius became visible in the east, 
Tust before the morning dawn, the overflowing of the Nile immediately followed. 
.Thus it warned them} hke a faithful dog, to escape from the region of the inun- 
dation. 

X 



CHAPTER V. 



DIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ABE ON 
THE MERIDIAN IN MARCH. 

ARGO NAVIS. 
The shir Argo. — This constellation occupies a large space 
in the southern hemisp here, though but a small part of it can 

Which Is the brightest of these, and what remarkable circumstance In Its history? 
How has It appeared since its return? Describe the situation and magnitude of Wesenl 
What stars mark the hinder feet? What Is the number of visible stars In this con- 
itsUatlOB* DsscrUM the constellation Argo Navls? 
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be seen in the United States. It is situated S. E. of Canis 
Major, and may be known by the stars in the prow and deck 
of the ship. 

. If a straight line joining Betelguese and Sirius, be produ- 
ced 18°. to the southeast, it will point out Naos^ a star of the 
2d magnitude, in the rowlock of the ship. • This star is in 
the S. E. comer of the Egyptian X., and of the large equi- 
lateral triangle made by itself with Sirius and the £>oye. 
* When on the meridian^ it is seen from this latitude about 8<> 
' above the southern horizon. It comes to the meridian on the 
3d of March, about half an hour after Procyon, and continues 
risible but a few hours. 

f Cfamma^ in the middle of the ship, is a star of the 2d mag- 
nitude, about 7° S. of Naos, and just skims above the south- 
em horizon for a few minutes, and then sinks beneath it, 
.' The principal star in this constellation is called, after one of 
the pilots, Cawopw^; it is of the 1st magnitude, 36° nearly 
S. of Sirius, and comes to the meridian 17 minutes after it ; 
but^ having about 53° of S. declination, it cannot be seen in 
the United States.: The same is tme of Miaplacidus, a star 
of the 1st magnitude in the oars of the ship, about 25° E. of 
Canopus, and 61° S. of Alphard, in the heart of Hydra. 

An observer in the northern hemisphere, can sec the stars as many desrees 
south of the equinoctial in the southern hemisphere, as his own latitude iacka 
of 90^, and no more. 

\Markeb, is a star of the 3d magnitude, in the prow of the 
ship, and may be seen from this latitude, 16° S. E. of Sirius, 
and about 10° E. of Wesen, in the back of the Dog: This 
star may be known by its forming a small triangle with two 
others of the same< magnitude, situated a little above it, on 
the E., 3° and 4° apart. 

This constellation contains 64 stars, of which, two are of 
the.' 1st magnitude, four of the 2d, and nine of the 3d. Most 
of these are too low down to be seen in the United States. 

History.— This constellation is intended to perpetuate the memory of the 
lamous ship which carried Jason and his 54 companions to Colchis, when they 
resolved upon the perilous expedition of recovering the golden fleece. Tlie de- 
rivation of the word Argo has been often disputed. Some derive it from Ai^s, 
sapposmg that this was the name of the person who first proposed the expedi- 
tion, and built the ship. Others maintain that it was built at Argos, whence its 
name. Cicero calls it Argo, because it carried Grecians, commonlv called Ar- 
gives. Diodorus derives the word from , which signifies stn/t. Ptolemy 

says, but not truly, that Hercules built the ship and called it Argo, after a son of 
Jason, who bore the same name. This ship had fifty oars, and being thus pro- 
pelled must have fallen &r short of the bulk of the smallest ship craft used by 

Where Is it situated? Point out the situation of Naos, In the ship? When may it be 
seen In this latitude 7 When is it on the meridian? Describe the position and magni- 
tude of Gamma. What are the situation and name of the principal star in this constel- 
lation 1 Why can It not be seen in the United States? Is any other considerable star 
to the ship similarly situated? Describe Markeb. How may this starbe knovm? What 
Is the number of visible stars in thU ceMtellaUon? Whatls the magnitudeofits ptln- 
ctpal ones? 
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moderna. It is even said that the crew were able to carry it on their baclcs 
from the Danube to the Adriatic. 

AccordJDf to many authors, she had a beam on her prow, cut in the forest of 
Dondona by Mmerva, which had the power of giving oracles to the Argonauts. 
Tltis ship was the first, it is said, that ever ventured on the sea. Alter tlie expe- 
dition was finished, and Jason had returned in triumpii, he ordered lier to be 
drawn ashore at the isthmus of Corinth, and consecrated to Neptune, the god of 
fhesea. 

Sir Isaac Newton endeavours to settle the period of this expedition at about 30 
inears before the destruction of Troy ; and 43 years after the death of Solomon. 
Dr. Bryant, however, rejects the history of the Argonautic expedition as a mere 
fiction Of the Greeks, and supposes that this group of stars, which the poets de- 
nominate Argo Navis, refers to Noah's ark and the deluge, and that the fable of 
the Argonautic expedition, is founded on certain Egyptian traditions that related 
to the presemition of Noah and his family during the flood. 



CANCER. 

The Crab, is now the fifth constellation and fourth sign 
of the Zodiacal \It is situated in the ecliptic, between Leo on 
the E. and Gemini on the W.: It contains 83 stars, of Which, 
one is of the 3d, and seven of the 4th magnitudej Some 
place the first-mentioned star in the same class with ihe other 
seven, and consider none larger than the 4th magnitude. 

Beta, is a star of the 3d or 4th magnitude, in the south- 
western claWj 10° N. E. of Procyon, and may be known from 
the fact that it stands alone, or at least has no star of the 
same magnitude near it. It is midway between Procyon and 
Acubens. 

Acubens, is a star of similar brightness, in the southeastern 
claw, IQo N. E. of Beta, and nearly in a straight line with it 
and Procyon. An imaginary line drawn from Capella through 
PoUnxj will point out Acubens, at the distamce of 24<*, from 
Pollux. It may be otherwise distinguished by it;^ standing 
between two very small stars close by it in the same claw.i 

Tegmine, the last in the back, appears to be a small stdr, 
of between the 5th and 6th magnitudes, 8^° in a northerly 
direction from Beta] It is a treble star, and to be distinctly 
seen, requires very favourable circumstances. Two of them 
are so near together that it requires a telescopic power of 300 
to separate them.-; 

, About 7° northeasterly from Tegmine, is a nebulous 
cluster of very minute stars, in the crest of Cancer, suffi- 
cientlyr luminous to be seen by the najted eye. It is situated 
in a trian^lar position with regard to the head of the Twins 
and the Little Dog. It is about 20© W. of each. * It may 
otherwise be discovered by means of two conspicuous stars 

What Is the relative position of Cancer among the signs and constellations of the 
Zodiac) How Is it situated) What are the number and magnitude of Its stars? Where 
Is Beta situated, and how may it be known ? Which way fmm Procyon and Acubens ? 
Describe Acubens. What are lu distance and direction Arom Pollux? How may it be 
otherwise kno7n» Describe Tegmine. Tbeie is a remarkable cluster in this cop- 
f tsUatlonr^dMerlbt lu position. How may It otherwise be dlscovero'i) 
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•f the 4th magnitude lying one on either side of it, at the dis- 
tance of about 2°, called the northern and southern Ascllu 
By some of the Orientalists, this cluster was denominated' 
ProRscpe, the Manger, a contrivance which their fancy fitted 
up for the accommodation of the Aselli or Asses ; and it is 
so called by modem astronomers, j !The appearance of this 
nebula to tne unassisted eye, is not unlike the nucleus of a 
comet, and it was repeatedly mistaken for the comet of 1832, 
which, in the month of November, passed in its neighbour- 
hood. '; 

I The southern Asellus, marked Delta, is situated in the 
line of the ecliptic and in connexion witn Wasat and Tejat, 
marks the course of the earth's orbit for a space of 36° from 
the solstitial colure.y 

/ There are several other double and nebulous stars in this 
constellation, most of which are too small to be i^een ; and in- 
deed, the whole constellation is less remarkable for the bril- 
liancy of its stars than any other in the Zodiac. ' 

*) The sun arrives at the sign Cancer about the 21st of June, 
but does not reach the constellation until the'23d of Julyi 

The mean right ascension of Cancer is 128^. It is conse- 
quently on the meridian the 3d of March. 

A few degrees S. of Cancer, and about 17° E. of Pr^TOIl, are four stars of the 
4th magnitude, 3'^ or i° apart, which mark the head oi Hydra. This constella* 
tion will be described on Map HI. 

/ The beginning of the sign Cancer (not the constellation) is called the Tropic 
4/ Cancer,|and wlien the sun arrives at this point, tt lias reached its utmost limit 
of north dbclination, where it seen)? to remain sUaonary a few days, before it 
begins to decline agam to the south.' This stationary latitude of the sun is called 

/ tlie summer solstice jfrom two Latfn words sisnifyin^ the tun^s standing still. 
The distance from tOe first point of Cancer to the eqmnoctial, which at present^ 

' is 23° 27|', is called the obliquity of the ecliptid It is a remarkable and well aa- 
. certained fact, that this is contmually prowin^Hess and less. The tropics are 
slowly and steadily approaching the equmoctial, at the rate of about half a second 
every year ; so that the sun dbes not now come so &r north of the equator in 
summer, nor decline so far south in winter, as it must have done at the creation, ~ 
by nearly a degree. 

History. — ^In the liodiacs of Esne, and Dendera,and m most of the astrological 
remains of Egypt, a Scarabseus, or Beetle, is used as the symbol of this sign ; 
but in Sir William Jones's Oriental Zodiac, and in some others found in India, we 
meet with the figure of a crab. As the Hindoos, in all probability, derived their 
knowledge of the stars from the Chaldeans, it is supposed that the figure of the 
crab, in mis place, is more ancient than the Beetle. 

In some eastenr representations of this sign, two animals, like asses, are foqad 
in this division of the Zodiac ; and a.<» the Chaldaic name for the ass may be 
translated muddiness, it is supposed to allude to the discolouring of ihe Nile, 
which river was rising when the sun entered Cancer. The Greeks, in copying 
this sign, have placed two asses as the appropriate symbol of it, which still re- 

What is the name of this cluster? "What is its appearance to the naked eye, and for 
what has It been mistaken? How Is the star called the southern Aseims, situated, 
with respect to the ecliptic? What other stars in this eonsteliation? At what time 
loes the sun enter the sign Cancer? At what time the eonsteUation? Where i» the 
tropic of Cancer sUuated 7 When the sun reaches this point what is said of Us tfd> 
elination? What is this stationary attitude qf the sun caUed? -Vl^l^eaisaieoMmMf 
ttfthe ecliptic J What remarkabUfiut in respect to this distance f Doer W» W** «• 
etoMUty ^the tropics. 

7* 
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' /a. They explain their reason, however, lir adopting this figrure, by nyimg 
At thefie are the animals that assisted Jupiter In his victory over the giants. , 
, Popois accounts for tlw origin of the asses in the following words :— l*e C»n. 
eer. oil aout )es etniles appellees les anes, forme I'impreinte du pavilion d' \»- 
sachar que Jacob assimile ft Fane. 

M/rhologists give different accoonts of the origin of this constellation. The 
prevailing opinion is, that while Hercules was engaged in his &mous contest 
with the dreadful Lernsan monster, Juno, envious of the fame of his achieve- 
ments, s^Ma sea-crab to bite and annoy the hero's feet, but the crab being soon 
despatched, the goddess to reward its services, placed it among the constella- 
tkms. 

"The Scorpion's claws here clasp a wide extent. 
And her« die Crab's in Igtser clasps are bent" 



CHAPTER VI. 

DIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE ON 
THE MERIDIAN IN APRIL. 

LEO. 

The Lion. — This is one of the most brilliant constellations 
in the winter hemisphere, and contains an unusual number 
of very bright stars. It is situated next E. of Cancer, and 
directly S. of Leo Minor and the Great Bear. 

The Hindoo Astronomer. Varaha, says, "Certainly the southern solstice was 
once in the middle of AsUka iLeo) ; the northern in the first degree of Dhan- 
iahta" (Aquarius), Bince that time, the solstitial as well as the equinoctial 
poiiftS) have gone backwards on the ecliptic 75°- This divided by 60*", gives 
6373 years ; which cany us back to the year of the world 464. Sir W. Jones, 
•ays, that Varaha lived when the solstices were in the first degrees of Cancer 
and Capricorn ; or about 400 years before the Christian era. 

Leo is ih&jifih 8ig% and the sixth constellation of the Zo- 
diac. The mean right ascension of this extensive group is 
150°, or 10 hours. Its centre is therefore on the meridian the 
6th of April. Its western outline, however, comes to the 
meridian on the 18th of March, while its eastern limit does 
not reach it before the 3d of May. 

This constellation contains 95 visible stars, of which two 
are of the 1st magnitude, two of the 2d, six of the Sd, and 
fifteen of the 4th. 

"Two splendid stars of highest dignity, 
Two of the second class tlie Lion boasts, 
And justly figures the fierce summer's rage.' 

The principal star in this constellation is of the 1st mag- 
nitude, situated in the breast of the animal, and named Re- 
ffulua, from the illustrious Roman consul of that name. 

.What is the general appearance of the constellation Leo? Where is it situated? 
What is the relative order among the signs and constellations of the Zodiac ? What is 
the right ascension of Leo, and when is its centre on the meridian f When do the 
outlines of the figure come to the meridian 7 What number of visible stars does it con- 
tain, and how lange are the principal ones? What Is the name of the first star In the 
eonsttUatton, and whence Is it dtrivedv 
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It .is situated' almost exactly in the ecliptic, and may be 
readily distinguished on account of its superior brilliancy. Il 
is the largest and lowest of a group of five or six bright 
stars vvrhich form a figure somewhat resembling a sickle, in 
the neck and shoulder of the Lion. There is a little star of 
the 5th miagnitude about 2° S. of it, and one of the 3d mag- 
nitude 5° N. of it, which, will serve to point it out. 

Regulus is the brightest star in the constellation, except 
Denebola, in the tail, 25° E. of it. Great use is made of Re- 
gulus by nautical men, for determining their longitude at sea. 
Its latitude, or distance from the ecliptic^ is less than ^°\ hut 
its declination, or distance from the equinoctial is nearly 
13^ N. ; so that its meridian altitude will be just equal to that 
of the sun on the 19th of Au^st. Its right ascension is very 
nearly 150°. It therefore culminates about 9 oc.ock on the 
6th of April. 

When Regulus ia on the meridian, Castor and PuUux are seen about 40° N. 
W. of it, and the two stars in the Lit^e Dog, are about the same distance in a & 
W. direction; with wliich, an<l the two former, it makes a large isosceles tri- 
angle whose vertex is at Regulus. 

Tiie next considerable star, is 5° N. of ReguJus, marked 
Eta, situated in the collar ; it is of between the 3d and 4th 
magnitudes, and, with Regulus, constitutes the handle of the 
sickle. Those three or four stars of the 3d magnitude, N. and 
W. of Eta, arching round with the neck of the animal, de- 
scribe the blade. 

Al Gieba, is a bright star of the 2d magnitude, situated in 
the shoulder, 4° in a N. E. direction from Eta, and may be 
easily distinguished by its being the brightest and middle 
one of the three stars lying in a semicircular form, curving 
towards the west ; and it is the first in the blade of the sickle. 

Adhafera, is a star of the 3d magnitude, situated in the 
neck, 4° N. of Al Gieba, and mav be known by a very mi- 
nute star just below it. This is tne second star in the blade 
of the sickle. 

Bos al Asad, situated before the ear, is a star of the 3d or 
4th magnitude, 6° W. of Adhafera, and is the third in the 
blade of the sickle. The next star, EpsiUm, of the same 
magnitude, situated in the head, is 2^o S. W. of Ras al Asad, 
and a little within the curve of the sickle. About midway 

Describe the situs^tlon of Regulus. What other stars serve to point it out ? What ia 
Its comparative brightness? What use is made of It in nautical astronomy ? What are 
Its latitude and declination 7 On what day will Regulus culminate at 9 o'clock in the 
evening ? When ia it on the meridian, w tth what stars does it form a large triwifrU, 
and in what direction are they from it? What are the name and position of the next 
considerable star in Its vicinity ? What stars fbrm the blade of the sickle ? Where is 
▲1 Gieba situated, and how may it be distinguished} What Is the position of Adhafen 
and bow may it b« known 7 Describe the iltuaUon of Ras al Asad. 
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between these, and a little to the E., is a very small star, 
hardly visible to the naked eye. 

LaTnbda, situated in the mouth, is a star of the 4th magni- 
tude, 3^0 S. W. of Epsilon, and the xast in the sickle's point. 
Kappa, situated in the nose, is another star of the same 
magnitude, and about as far from Lambda as Epsilon. Epsilon 
and Kappa are about 5J° apart, and form the longest side of 
a triangle, whose vertex is m Kappa. 

ZQzma, situated in the back of the Lion, is a star of the 
2d magnitude, 18° N. E. of Regius, and midway between 
it and Coma Berenices, a fine cluster of small stars, 18<^ N. 
E. of Zozma. 

Theta, situated in the thigh, is another star of the 3d mag- 
nitude, 5° directly S. of Zozma, and so nearly on the same 
meridian that it culminates but one minute after it. This star 
makfes a right angled triangle with Zozma on the N. and 
Denebola on the E., the right angle being at Theta. 

Nearly in a straight line with Zozma, and Theta, and 
south of them, are three or four smaller stars, 4° or 5^ apart, 
which mark one of the legs. 

Denebola, is a bright star of the 1st magnitude, in the 
brush of the tail, 10° S. E. of Zozma, and may be distiar 
guished by its great brilliancy. It is 5° W. of tne equinoc- 
tial colure, and comes to the meridian 1 hour and 41 minutes 
after Regulus, on the 3d of May ; when its meridian altitude 
is the same as the sun's at 12 o'clock the next day. 

W>ien Denebola is on the meridian, Regulus is seen 25° W. of it, and Fhad, 
in the square of Ursa Major, bears 39° N. of it It forms, with these two, a larpe 
right angled triangle ; the right angle being at Denebola. It is so nearly on ine 
•ame meridian with Phad that it culminates only four minutes before it. 

Denebola is 35J° W. of Arcturus, and about the same dis- 
tance N. W. of Spica Virginis, and forms, with them, a 
large equilateral triangle on the S. E. It also forms with 
Arcturus and Cor Caroli a similar figure, nearly as large on 
the N. E. These two triangles, being joined at their base, 
constitute a perfect geometrical figure of the forms of a Rhom- 
bus : called by some, the Diamond of Virgo. 

A line drawn from Denebola through B^egulus, and continued 7° or 8° further 
In the same direction, will point out Xi and Omxcron, of the 3d and 4th magni- 
tudes, situated in the fore claws, and about 3° apart 

What star la next? Describe the position of Lamlxlal What are the situation and 
magnitude of Kappa? What is the distance between Epsilon and Kappa? Describe the 
position of zozma? What are the magnitude and position of Theta? "What geometri- 
"^cal fljrure may be formed with this star, Zozma and Denebola? What stars In this 
neighbourhood mark one of the legs of Leo? Describe Denebola? How far is K fVom 
the cqulnoctiaj colure, and when does it come to the meridian? When Denebola is on 
the meridian, what geometrical figure doea it form, in ctmnexion with Regititts and 
Phad 7 With what other star is it nearly on the same meridian ? What is the position 
of Denebola in regsurd to Arcturus and Spica Virginis, and what figure does it form 
with them ? With what other stars does Denebola form a similar figure ? What large 
geometrical figure is fbrmed by these two triangles? What stars point out thou in tha 
hreclawsf 
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There are a number of other sten of the 3d and 4(h magnitudes In this con- 
stellatioQ, which require no description, as the scholar wlU easily trace them out 
from the map. The position of Renilus and Denebola are often referred to in 
tlie geography of tlie heavens, as they serve to point out oilier dusters in the 

same neighbourhood. « 

History.— AccortJing to Greek fable, this Lion represents the fonn!dahlr» ani. 
mal which infested the forests of Nemsa. It was slain by Hercules, and placed 
by Jupiter auion^ tlie stars in commemoration of the dreaflful conflict. (Some 
writers have applied the story of tlie twelve labours of Hercules to the progress 
of the sun through the twelve signs of the ecliptic; and as the combat of that 
celebrated hero with the Lion was his first libour, they liave placed Leo as th« 
frat sign. The figure of the Lion wa^ however, on the E^iHian c halts lone 
before ihe invention of the fables of llercules. It would seeiu, moreover, ac« 
cording to the &ble itself that Hercules, who represented the sun, actually slew 
the Nemaean Lion, because Leo was already a zodiacal sign. 

In hieroglyphical writing, the Lion was an emblem of violence and fury ; and 
the representation of this animal in the Zodiac, signified the intense heat occa. 
sioned by the sun wlien it entered that part of the ecliptic. The Egyptians wew 
much annoyed by lions during the heat of summer, as they at Uiat season, left 
the desert, and hunted the banks of Che Nile, which had then reached its greatest 
elevation. It was therefore natural for their astronomers to place the Lion where 
we find him in the zodiac. 

The figure of Leo, very much as we now have It, is in ail the Indian and Egyp- 
tian Zodiacs. The overflowing of the Mile, wliich was regularly and anxioiisfy 
expected every year by the Egyptians, took place when the sun was in this sign. 
They therefore paid more attention to it, it is to be presumed, than to any other. 
This was the principal reason. Bfr. Green supposes, why Leo stands finst in the 
zodiacs of Dendera. 

The circular zodiac, mentioned in our account of Aries, and which adorned 
the ceiling in one of the inner rooms in rhe famous temple in that city, was 
brought away en masse in 1821, and removed to Paris. On its arrival at the Ix>uvre, 
it was purchased by the king for 150,000 francs, and, after being exhibited tliere 
for a year, was placed in one of the halls of tlie library, wliere it is now to be 
seen in apparently perfect preservation. This most interesting relic of astrology, 
after being cut away from the ruins wliere it was found, is a&out one foot tliick, 
and eigtit feet square. The rock of which it is composed, is sandstone. On the 
lace of this stone, appears a large square, enclosing a circle four feet in diame- 
ter, in which are arranged in an irregular spiral hue, tlie zodiacal constellations, 
conunencing with the sign Leo. On each side of this spiral line are placed a 
great variety of figures. Tliese are supposed to represent other consteilationsL 
chough they bear no analogy, in form, to those which we now have. Many or 
these figures are accompanied with hieroglyphics, which probably express their 
names. Tlie commentator of ChampoUion, from whom we have derived many 
Interesting facts in relation to them; lias furnished merely a general histor>' of 
their origin and purpose, but does not add particulars. Copies of these drawings 
and cliaractcrs, nave been exliibited in this country, and the wonderful conclu- 
sions that have been drawn from tliem, have excited much astonishment. 

Comparetl with our present planispheres, or with stellar phenomena, it abounds 
with contradictory and irrelevant matter. So far from proving what was strenu- 
msly maintained by infidel writers, soon after its discovery, that the Greeks 
took from it the model of their zodiac, which they have transmitted to us, it 
seems to tiemonstrate directly the reverse. The twelve signs, it is true, are 
there, but they are not in their proper places. Cancer is between Leo and the 
pole ; Vfargo bears no proportion to the rest ; some of the signs are placed double : 
they are all out of the ecliptic, and by no means occupy those regular and equal 
portions of space which Egyptian astronomers are said to have exactly measiued 
by means of their depsydra^ 

The fiffures, without what may be termed the zodiacal circle, could never have 
hicludeu the same stars in the heavens which are now circumscribed by the 
figures of the constellations. Professor Green is of opinion, that the soiall 
a|Mtrtment in the niins of Dendera, which was mysteriously ceiled with this zo- 
diac, was used for the purposes of judicial astrology, and that the sculptured 
figures upon it were employed in horoscopical predictions, and in that casting of 
nativities for which the Egyptians were so famous. 

Whif UthepoeitionqfRegulut and DmOola qften r^rred tol 
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Id tbe Hebrew Zodiac, Leo is assigned to Judah, on whope standard, according 
to all tradttions, a Lion is painted. .This is clearly intimated in numerous passa- . 

Ees of the Hebrew writings : Ex.—" Judah is a Lion's whelp ; he stoopeth down 
e croucheth as a Lion ; and as an old Lion ; who shall rouse him up 7" Gen. 
Mhx. 9. " The Lion of the tribe of Judah hath prevailed." Rev. v. 5. 



5? 



LEO MINOR 

The Little Lion. — This 

Hevelius, out of the StellcB informes^ or unformed stars 

the ancients, which lay scattered between the Zodiacal con 

stellation Leo, on the S. and Ursa Major, on the N. Its meaa 

right ascension is the same with that of Regulus, and it 

comes to the meridian at the same time on the 6th of April. 

The modem constellations, or those which have been added to our celestial 
maps since the adoption of the Greek notation, in 1603, are referred to by the 
letters of the English alphabet, instead of the Greek. This is the case in regard 
to Leo Minor, and all other constellations whose oH^n is subsequent to that 
period. 

Leo Minor contains 53 stars, including only one of the 3d 
magnitude, and 5 of the 4th. The principal star is situated 
in the body of the animal, 13° N. of Gamma Leonis,* in a 
straight line with Phad, and may be known by a group of 
smaller stars, a little above it on tne N. W. 

It forms an equilateral triangle with Gamma and Delta Leonis, the vertex being 
in Leo Minor. This star is marked with the letter I, in modem catalogues, and 
being the principal representative of the constellation, is itself sometimes called 
the Little Lion ' 8° E. of this star (the Little Lion) are two stars of the 4th mag- 
nitude, m ihe last paw of Ursa Major, and about 10° N. W. of it, are two other 
stars of tbe 3d magnitude, in the first hind paw. 

"The Smaller Lion now succeeds ; a cohort 
Of fifty stars attend his steps ; 
And three, to sight unarm'd, invisible." 



SEXTANS. 

The Sextant, called also Urania's SEXTANT,t is a modern 
constellation that Hevelius made out of the unformed stars of 
the ancients, which lay scattered between the Lion, on the 
N., and Hydra, on the S. 

It contams 41 very small stars, including only one as large 

* Leonis is the genitive, or possessive case of Leo, and Camma Leonis means the 
Gamma of Leo. Thus also the principal star in Aries is marlced Alpha Arietis, mean- 
ing the Alpha of Aries, dec. 

T Urania was one of the muses, and daughter of Jupiter and Mnemos3me. She pre- 
sided over astronomy. She was represented as a jounsr virgin, dressed In an azure- 
coloured robe, crowned with stare, holding a robe In her hands, and having many 
mathematical instruments about her. 

What is the oripln of Leo Minor, and how is It situated? "What is Its mean right as- 
cension? When Is It on the meridian? What are the number and mafmltude of Its 
stars? What Is the position of the prlnciml star In this constellation, and how may it 
be known ) Wfuujlgure does it form toith some other stars ? What letter represents 
this star, and what else is it coiled 7 What nebula do we Jind in this constellation 7 
What are the origin and position of the Sextant? How many stars does It contain 7 
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as the 4th magnitude. This is situated very near the equi- 
noctial, 13^ S. of Regulus, and comes to the meridian ahout 
the same time on the 6th of April. The other stars in this 
constellation are too small to engage attention. A few of the 
largest of them may he traced out from th^ map. 

History. — A sextant, in mathematics, is the sixth part of a circle, or an arch 
comprehending 60 degrees. But the term is more particularly used to denote 
an astronomical instrument well known to mariners. Its use is the same as that 
of the quadrant: namely, to measure the angular distance, and take the altitude 
of the sun, moon, planets, and fixed stars. It is indispensable to the mariner in 
finding the latitude and longitude at sea, and shoiild be in the hands of every 
surveyor and practical engineer. It may serve the purpose of a theodolite, in 
measuring inaccessible heights and distances. It ma3r gratify the young pupil to 
know, that by means of such an instrmnent, well adjusteil, and with a clear eye 
and a steady hand, he could readily tell, within a few hundred yards, how far 
north or south of the equator he was, and that from any quarter of the worUL 
known or unknown. This constellation is so called, on account of a supposed 
resemblance to tills instrument. 



HYDRA AND THE CUP. 

Hydra, the Water Serpent, is an extensive constella- 
tion, winding from E. to W. in a serpentine direction, over 
a space of more than 100. degrees in length. It lies south of 
Cancer, Leo, and Virgo, and reaches almost from Canis Mi- 
nor to Libra. It contains sixty stars, including one of the 2d 
magnitude, three of the 3d, and twelve of the 4th. 

Alphard, or Cor Hydrce^ in the heart, is a lone star of the 
2d magnitude, 23° S. S. W. of Regulus, and comes to the 
meridian at the same time with Lambda, in the point of the 
sickle, about 20 minutes before 9 o'clock on the 1st of April. 
There is no other considerable star near it, for which it can 
be mistaken. An imaginary line drawn from Gamma Leonis 
through Regulus, will point out Cor Hydrae, at the distance 
of 23°. 

The head of Hydra may be distinguished by means of four 
stars of the 4th magnitude, 2^° and 4° apart, situated 6° S. of 
Acubens, and forming a rhomboidal figure. The three upper 
stars in this cluster, form a small arch, and may be known by 
two very small stars just below the middle one, making witn 
it a very small triangle. The three western stars in the head, 
also make a beautiful little triangle. The eastern star in this 
group, marked Zeta^ is about 6° directly S. of Acubens, and 
culminates at the same time. 

When Alphard is on the meridian, Alkes, of the 4th mag- 
nitude, situated in the bottom of the Cup, may be seen 24<^ 

What Is the poaitlon of the largest onel Describe the situation and extent of the 
constellation Hydra. What ai« the number and magnitude of Us stars'? Describe tha 
position anil ma^itude of Alphard. What are the distance and direction of Cor Hjjr* 
dns ftom Gamma Leonis ? How may the head of Hydra be clistin^ishe'l ? How m» 
the three imper stars in this cluster be known? Which stars form a beautiful Uttto. 
trtangla 7 How is AUws situated, and when may it ba seen i 
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S. E. of itj and is distrngoished by its forming an equilateral 
triangle with Beta and Gamma, stars of the same magnitude, 
6° S. and E. of it. A Ikes is common both to Hydra and 
'the Cup. Beta, on the S., is in Hydra, and Gamma, on the 
N. E.J is near the middle of the Cup. A line drawn from 
Zozma, through Theta Leonis, and continued 38^° directly 
S. will reach Beta ; it is therefore on the same meridian, and 
will culminate at the same time on the 23d of April. 

The Cup itself, called also the Crater^ may be easily dis- 
tinguished by means of six stars of the 4th nuagnitude, form- 
ing a beautiful crescent, or semicircle, opening to the W. The 
centre of this group is about 15° below the equinoctial, and 
diret'tly S. of the hinder feet of Leo. The crescent form of 
the stars in the Cup is so striking and well defined, when the 
moon is absent, that no other description is necessary to point 
them out. Its centre comes to the meridian about two hours 
after Alphard, on the same evening; and consequently, it 
culminates at 9 o'clock, one month after Alphard does. The 
remainder of the stars in this constellation may be easily 
traced by aid of the map. 

When the head of Hydra is on the meridian, its other ex- 
tremity is many degrees below the horizon, s6 that its whole 
length cannot be traced out in the heavens until its centre, or 
the Cup, is on the meridian. - 

" Near the equator rolls 

The sparkling Hydra, proudly eminent 
To drink the Galaxy's refulgent sea ; 
Nearly a fourth of the encircling curre 
Which girds the ecliptic, his vast folds involve ; 
y Yet ten the number of his stars diffused 

O'er the long track of his enormous spires : 
Chief beams his heart, sure of the second rank, 
But qpiulous to gain the first." — Eudoaia. 
History, — ^The astrologers of the east, in dividing the celestial nosts into vari- 
ous compartments, assigned a popular and allegorical meaning to each. Thus 
the sign Leo, which passes the meridian about midnight, when the sun is in 
Pisces, was called tlie House of the Liona^ Leo being the domicil of Sol. 

The introduction of two serpents into the constellations of the oncicnts, had its 
origin, it is supposed, in the circumstances that the jiolar one represented the 
oblique course of the stars, while the Hydra, or Great Snake, in the southern 
hemisphere, symbolized the moon's course : hence the Nodes are called the 
Dragon's head and tail, to this day. 

The hydra was a terrible monster, which, according to mythologists, infested 
the neighbourhood of the lake Lema, in the Peloponnesus. It had a hundred 
heads, according to Diodorus ; fifty, according to Bunonides ; and nine, accord- 
ing to rhe more commonly received opinion of Apollodorus, Hygiuus, and others. 
As soon as one of these heads was cut off, two immediately grew up if tlie wound 
was not stopped by fire. 

If Alices be situated In the Cvp, why Is it also included In Hydra? How are the other 
two stars that make a triangle with Alkes, situated? How is Beta situated with respect 
to Zozma and Theta Leonis? When is Beta on the meridian? How miiy the Cup be 
distinguished? How Is the centre of this group situated with respect to Leo and the 
equinoctial? What single circumstance is sutflclent to desig^nate the stars in the Cup? 
when is it on the meridian? When the bead of Hydra is on the meridian, where is 
the other extremity of tlie constellation? 
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" Art thou Droportion'd to the hydra's length. 
Who, by his wounds, received augmented strength 1 
He raised a hundred hissing heads in air, 
When one 1 lopp'd, up sprang a dreadlul pair." 
To destroy this dreadful monster, was one of the labours of ITeVcnles, and 
this he easily effected with the assistance of lofaus, who applied a burning iron 
io the wounds as soon as one head was cut oflf! vVhile Hercules was destroying 
t)ie hydra, Juno, jealous of his glory, sent a sea-crab to bite his foot This new 
enemy was soon despatched ; and Juno was unable to succeed in her attempts 
to lessen the fame of Hercules. TIjo conqueror dipped his arrows in the gall of 
the hydra, which ever after rendered the wounds mflicted with them incurable 
and mortal. 

This fable of the many-headed hydra may be understood to mean nothing more 
than that the marshes of Lema were infested with a multitude of serpents, whif h 
seemed to multiply as iast as they were destroyed 



CHAPTER VII. 

DIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE ON 
THE MERIDIAN IN MAY. 

URSA MAJOR. 

The Great Bear. — This great constellation is situated 
between Ursa Minor on the north, and Leo Minor on the 
south. It is one of the most noted and conspicuous in the 
northern hemisphere. ^ It has been an object of universal ob- 
servation in all ages of the world. , The priests of Belus, and 
the Magi of Persia ; the shepherds of Chaldea, and the PhcB- 
nician navigators, seem to have been equally struck with its 
peculiar outlines.'^ And it is somewhat remarkable that a re- 
mote nation of American aborigines, the Iroquois, and the 
earliest Arabs of Asia, should have given ta the very same 
constellation the name of " Great Bear," when there had 
probably never been any communication between them ; and 
when the name itself is so perfectly arbitrary, there being no 
resemblance whatever to a bear, or to any other animal. 

It is readily distinguished from all others by means of a 
remarkable cluster of seven bright stars, forming what is 
familiarly termed the Dipper, or Ladle. In some parts of 
England it is called '^Cnarles's Wain," or wagon, from its 
fancied resemblance to a wagon drawn by three horses in a 
line. Others call it the Plough. The cluster, however, is 
more frequently put for the whole constellation, and called, 
simply, the Great Bear. * But we see no reason to reject the 

How is Ursa Major situated? How has it always been regarded i What people 
seem to have been peculiarly struck with its splendour? What remarkable c*r- 
ciimstance respecting its name? Is there any resemblance between the outlines of 
this constellation and the figure of a bear? By what is this constellation readily dis- 
tinguished from all others? By what other names is the Dipper called? WhatlsthM 
cluster more frequently called? 
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very appropriate appellation of the shepherds, for the resem- 
blance IS certainly in favour of the Dipper : the four stars in 
the square forming the bowl, and the other three, the handle. 

When the Dipper is on the meridian, above the pole, the 
bottom lies towards us, with the handle on the right. ) 

Benetnasch is a bright star of the 2d magnitude, and is the 
first in the handle.'^^The second, or middle star in the handle, 
is ,Mizar, 7° distant from Benetnasch, It may be known by 
means of a very minute star almost touching it, called Alcor^ 
which appears to be double when seen through a telescope, 
and of a silver white.' The third star in the handle is called 
Alioth, and is about 4^° W. of Mizar. ' Alioth is very nearly 
opposite Shedir in Cassiopeia, and at an equal distance from 
the pole. Benetnasch, Mizar, and Alioth, constitute the han- 
dle, while the next four in the square form the bowl of the 
Dipper. 

• Five and a half degrees W. of Alioth is the first star in the 
tap of the Dipper, at the junction of the handle, called Megrez ; j 
it is the smallest and middle one of the cluster, and is used 
in various observations both on sea and land, for important 
purposes.* At the distance of 4^° S. W. of Megrez, isli, Phad, 
the first star in that part of the bottom, which is next the 
haudle. 

The stars in this cluster are so well known, and may be so easily described 
without reference to their relative bearings, that they would rather confuse than 
assist the student, were they given with ever so much accuracy. The several 
bearings for this cluster were taken when Megrez was on the meridian, and will 
not apply at any other time, though their respective distances will remain the 
same. 

At the distance of 8° W. of Phad, is the westernmost star 
in the bottom of the Dipper, called Merak. The bright star 
5° N. of it, towards the pole, is called Dubhe .vbut these two, 
Merak and Dubhe, are, by common consent, called the Point- 
ers^ because they always point towards the pole ; for, let the 
line which joins them be continued in the same direction 28^*^ 
farther, it will just reach the north pole./ 

The names, positions, and relative distances of the stars in 
this cluster, should be well remembered, as they v/ill be fre- 

* When Megrez and Caph have the same altitude, and are seen in the same hori- 
zontal line east and west, the polar star is then at its greatest elongation from the true 
pole of the heavens ; and this is the proper time fer an observer to take its angle of 
elevation, in order to determhie the latitude, and its azimuth or angle of declination, 
in order to determine the magnetic variation. 

What, on the whole, Is an appropriate appellation for It, and why? Describe the po- 
sition of the Dipper when on the meridian. Describe the position of Benetnasch. What 
is the next star in the Dipper, arid how may it be known ? What is the next, or thini 
star in the Dipper? What stars form the bowl and handle of the Dipper? Describe the 
position and use of Megrez. What star is situated next to Megrez ? Describe the po> 
sitlon of Mcxak and Dubhe. What are these stars called, and why 7 
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quently adverted to. v. The distance of Dubhe, or the Pointer 
nearest to the north pole, is 285°. The distanqe between the 
two upper stars in the Dipper is 10° ; between the two lower 
ones is 8° : the distance from the brim to the bottom next the 
handle, is 4^° ; between Megrez and Alioth is 5J° ; between 
Alioth and Mizar 4J°, and between Mizar and Benetnasch, 7°.' 

The reason why it is important to have these distances clearly settled in the 
mindfis, that these stars, being always in view, and more familiar than any other, 
the student will never fail to have a standard measure before him, which tlie eyo 
can easily make use of in determmiug the distances between other stars/, 

' The position of Megrez in Ursa Major, and of Caph in 
Cassiopeia, is somewhat remarkable. They are both in the 
equinoctial colure, almost exactly opposite each other, and 
equally distant from the pole.\ Caph is in the colure, which 
passes through the vernal equinox, and Megrez is in that 
which passes through the autumnal equinox. The latter 
passes the meridian at 9 o'clock, on the 10th of May, and the 
former just six months afterwards, at the same hour, on the 
10th of November. • 

Psu in the left leg of Ursa Major, is a star of the 3d mag- 
nitude, in a straight line with Megrez and Phad, distant from 
the latter 12^o.> A little out of the same line, 3° farther, is 
another star of the 3d magnitude, marked Epsilon, which 
may be distinguished from Psi, from its formmg a straight 
line with the two Pointers. \ 

^ The right fore paw, and the two hinder ones, each about 
15° from the other, are several y distinguished oy two stars 
of the 4th magnitude, between 1° and 2° apart.'. These three 
duplicate stars are nearly in a right line, 20*' S. o^ and in a 
direction nearly parallel with, Phad and Dubhe, and are the 
only stars in this constellation that ever set in this latitude. 

There are few other stars of equal brightness with those 
just described, but amidst the more splendid and interesting 
group with which they are clustered, they seldom engage our 
observation. 

The whole number of visible stars in this constellation is 
87 'j of which one is of the 1st, three are of the 2d, seven of 
the 3d, and about twice as many of the 4th magnitude. 

History.— Ursa Major is said to be Calisto, or Helice, daughter of Lycaon, 

"What Is the distance of Dubhe from the north pole 7 Mention the relative distances 
between the other stars in this group. Why U it important to have the relative dis- 
tances of these stars from, each other well settled in the mind 7 What is there remark- 
sble in the position of Megrez, and Caph in Cassiopeia? When do they pass the me- 
ridian? Describe the position of Psl. Where Is i:]p8llon situated, and how may it be 
distinguished? How are the paws of the Bear distinguished? What is the siuiaUon 
of these stars with respect to Phad and Dubhe ? What are the only stars In this con- 
Btellation that ever set in this latitude? What is the whole number of visible stars in 
this constellation, and how many of each masnltode? 
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king of Arcadia. She was an attendant of Diana,* and mother of Arcaa by Ju- 
piter, wlio placed her among the constellations, after the jealousy of Juno had 
changed her into a bear. 

"This said, her hand within her hair she wound, 

Swung her to earth, and dragg'd her on the ground; 

The prostrate wretch hits up her hand in prayer; 

Her arms grow shaggy and deform'd with hair, 

Her nails are sharpen'd into pointed claws, 

Her hands bear half her weight, and turn to paws ; 

Her hps, that once could tempt a god, begin 

To grow distorted in an ugly grin ; 

And lest the supplicating brute might reach 

The cars of Jove, she was deprived of speech. 

How did she fear to lodge in woods alone, 
And haunt the fields and meadows, once her own ! 
How often would the deep-niouth'd dogs puisne, 
Whilst from her hounds the frighted hunters Revr."— Ovid's Met. 
Some suppose that her son Areas, otherwise called Bootes, was changed into 
Ursa Minor, or the Little Bear. It is well known, that the ancients represented 
both these constellations under the figure of a wagon drawn by a team ofliorses ; 
hence the appellation of Charles's Wain, or wagon. This is allude^! to in the 
Phenomena of Aiatus, a GreeJc poem, from which St. Paul quotes, in his addresa 
to the Athenians : — 

"The one call'd Helix,t soon as day retires. 
Observed with ease, lights up his radiant nres : 

* Diana was the goddess of hunting, and the patroness of modesty and cbastlty :~ 
" The huntress Dian, 
Fair, silver-shafted queen, for ever chaste, " 

< set at naught 

The frivolous bolt of Cupid : gods and men 
Fear her stem frown, and she was queen o' th* woods."— JIW/^(w. 
The most fhmous of her temples was that of Ephesus, near Smyrna, in Asia, which 
was one of the seven wonders of the world. It is related in the Acts of the Apostles, 
that " Demetrius, a silversmith, who made silver shrines for Diana," endeavoured to 
ejjpcite opposition to the Christian religion, because " this Paul had persuaded much 
people that they be no gods which are made with hands," and " that the temple of the 
great goddess Diana should be despised, and /icr mas niflcence should be destroyed, 
whom all Asia and the world worshippeth. And whea they heard these sayuigs they 
were full of wrath, and cried out, saying, Great ia Diana qfthe Ephesiana ! And thus 
they continueK shouting for the space of two hours." And^again, " When the town 
clerk had appeased the people, he said, Ye men of Ephesui, what man is there that 
knoweth not how that the city of the Ephesians is a wornhipper of Uie great goddesa 
Diana, and of the Image which fell down from Jupiter?" 

The " image which fell down from Jupiter," doubtless alludes to the fable that Juno 
cast her out of heaven, and that Neptune, in pity of her desolate condition, raised the 
Island of Delos, from the ^gean sea, for her birth and habitation ; for It was in this 
Island that the twins, Apollo and Diana, were bom. Diana is therefore sometimes 
called Delia, from the name of the island that gave her birth. She was represented 
under the figure of a very beautiful virgin, in a hunting dress, a head taller than any 
<rf her attendant nymphs, with a bow in her hand, a quiver suspended across her 
shoulders, and her forehead ornamented with a silver crescent " which Jews might 
kiss and Infidels adore." The inhabitants of Taurica sacrificed upon her altars all the 
strangers that were shipwrecked upon their coast. The Lacedemonians yearly oflfer- 
ed her human victims till the age of Lycurgus, who changed this barbarous custom of 
Immolation to flaeellation. The Athenians generally offered her goats, while others 
offered white kids and ewes. 

•' Haste the sacrifice ; 
Seven bullocks yet unyoked for Phoebus choose, 
And for Diana, seven unspotted ewes."— F<rg"iZ. 
"Who does not bow with grateful veneration at that Christian intrepidity of St Paul, 
Who risked his. life in exposing the delusion and idolatry of the worshippers of the 
goddess Diana i 

It is a remarkable cir&umstance, that the temple of Diana was burnt to the groimd 
the very day on which Alexander the great was bom i 

t Callsto was a native of the city of Hellce, in Achala, a district near the bay of Co 
rinth i hence the Greater Bear is somethnes called Hellce :— 
" Night on the earth pour'd darkness ; on the sea, 
The watchful sailor, to Orion's star 
jLXk^Utlice, tum'd heedAil."— iij^oOonlKS. 
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The other, smaller, and with feebler beams, 
In a less circle drives its lazy teams ; 
But more adapted for the saTlor's guide, 
^Whene'er, by night, he tempts the briny tide." 
In the Egyptian planispheres of remote antiquity, these two constellations are 
represented by the figures of bears, instead of wagons ; and the Greeks, who 
derived most of their astronomical symbols from the Egyptians, though they 
usually altered them to emblems of their own history or superstition, have, nev- 
ertheless, retained the original form of the two bears. It is said by Aratus, that 
the Phenician navigators made use of Ursa Minor in directing their voyages : — 

"Observing this, Fhenicians plough the main :" 
while the Greeks confined their observations to Ursa Major. 

Some imagine that the ancient Egyptians arranged the stars near the north 
pole, within the outlines of a bear, because the polar re^ons are the haunts of 
this animal, and also because it makes neither extensive journeys nor rapid 
marches. 

At what period men beg&n to sail by the stars, or who were the first people 
that did so, is not clear ; but the honour is usually given to the Phenicians. That 
it was practised by the Greeks, as early as the time of the Trojan war, that is, 
about 1200 years B. C, we learn from Homer : for he says of Ulysses, when 
sailing on his raft, that 

"Placed at the helm he sate, and mark'd the skies, 
Nor closed in sleep his ever watchful eyes." 
It is rational to suppose that the stars were first used as a guide to travellers 
by land, for we can scarcely imagine that men would venture themselves upon 
the sea by night, before they had first learned some safe and sure method of 
directing their course bj land. And we find, according to Diodorus Siculus, that 
travellers in tlie sandy plains of Arabia were accustomed to direct their course 
by the Bears. 

That people travelled in these vast deserts at night by observing the stars, is 
directly proved by this passage of the Koran :— " God has given you the stars to 
be guides in the dark, both by land and by sea." 



COMA BERENICES. 

Berenice's Hair. — This is a beautiful cluster of small 
stars, situated about 5° E. of the equinoctial colure, and mid- 
"way between Cor Caroli on the northeast, and Denebola on 
the southwest. If a straight line be drawn from Benetnasch 
through Cor Caroli, and produced to Denebola, it will pas^. 
through it. \ 

The principal stars are of between the 4th and 5th magnf- 
tudes. I According to Flamsted,i there are thirteen of the 4th 
magnitude, and according to others there are seven ; but the 
student will find a;^reeably to his map, that there is apparently 
but, owe star in this group, entitled to that rank, and this is 
situated about 7^^ S. E. of the main cluster. 

Although it is not easy to mistake this group for any other 
in the same region of the skies, yet the stars, which compose 
it are all so small as to be rarely distinguished in the full pre- 
sence of the moon. The confused lustre of this assemblage 

Describe the appearance and situation of Coma Berenices. What are the magnitudes 
of the principal stars In this clusterl What are they, according to Flamsted anrt 
others ? How many stars of the 4th magnitude will the student find on the map ? is ii ^ 
•any to mistake this group, and la It visible In presence of the moon? 

8* 
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of small stars fiomewhat resembles that of the Milky-Wa^ It 
contains besioes the stars already alluded to, a number of 
nebulae. . - 

The whole number of stars in this constellation is 43 i its 
mean right ascension is 185°. It consequently is oft the me- 
ridian the 13th of May. 

« Now behold 

Tlie glittering maze of Berenice's Hair ; 

Port!/ the stars ; but such as seem to kisa 

The jHouing tresses with a lambent fire : 

Four to the telescope alone are seen." 
History. — Berenice was of royal descent and a lady of great beauty, who 
married Ptolemy Soter. or Evergetes, one of the kings of Egypt, her own bro- 
ther, whom she loved with much tenderness. When he was going on a danger- 
ous expedition against the Assyrians, she vowed to dedicate her hair to the 
goddess of beauty, if he returned in safety. Sometime after the victorious re- 
turn of her husband, Evergetes, the locks which agreeably to her oath, she had 
deposited in the temple of Venus disappeared. The king expressed great re- 
gret at the loss of what he so much prized ; whereupon Conon, his astronomer, 
publicly reported that Jupiter had taken away the queen's locks from the temple, 
and placed them among tlie stars. 

" There Berenice's locks first rose so bright, 

The heavens bespangling with dishevelled light." 
Conon. being sent for by the king, pointed out this constellation, saying, 
"There behold the locks of the queen." This sroup being among the unformed 
fitars until that time, and not known as a constellation, the King was satisfied with 
the declaration of the astronomer, and the queen became reconciled to the par> 
tiality of the gods. 

Callimachus, an historian and poet, who flourished long before the Christial 
•ra, has these lines as translated by Tytler : — 

" Immortal Conon, blest with skill divine, 

Amid the sacred skies behold me shine ; 

E'en ine, the beauteous hair, that lately shed 

Refulgent beams from Berenice's head ; 

The lock she fondly vowed with lifted arms, 

Imploring all the powers to save from harms 

Her dearer lord, when from his bride he flew, 

To wreck stern vengeance on the Assyrian crew." 



. CORVUS. 

The Crow. — This small constellation is situated on the 
eastern part of Hydra, 15° E. of the Cup, and is on the same 
meridian with Coma Berenices, but as far S. of the equinoc- 
tial as Coma Berenices is N. of it. '• It therefore culminates 
at the same time, on the 12th of May. It contains nine visi- 
ble stars, including three of the 3d magnitude and two of the 
4th. 

This constellation is readily distingui.?hed by means of 
three stars of the 3d magnitude and one of the 4th, forming a 
trapezium or irregular square, the two upper ones being 
about 3^*^ apart, and the two lower ones 6° apart. 

What does its lustre resemble? What la the number of stars In this constellation, 
and when is it on the meridian? Where is the Crow situated? When t^ it on the lofe- 
cldian? What are the number and magnitude of Its stars? How is It roadlly disiln- 
ffuisbed) 
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The brightest of the two upper stars, on the left, is called 
Algorab, and is situated in the E. wing of the Crow^j it has 
nearly the sarae declination S. that the Dog-star has,'' and is 
on the meridian about the 13th of May.) It is 21^^ E. of 
Alkes in the Cup, 14|° S. W. of Spica Virginis, a brilliant 
star of the 1st magnitude to be described in the next chapter. 

Beta, on the batfk of Hydra and in the foot of the Crow, is' 
a'st^ir of the 3d magnitude, nearly 7° S. of Al^orab. It is the 
brightest of the two lower stars, and on the left. The right- 
hand lower one is a star of the 4th magnitude, situated in the 
neck, marked E'psilon, about 6° W. of Beta, and may be 
known by a star of the same magnitude situated 2° below it, 
in the eye, and called Al Chiba. Epsilon is 21|° S. of the 
vernal equinox, and if a meridian should be drawn from the 
pole through Megrez, and produced to Epsilon Corvi, it would 
mark the equinoctial colure.^ 

Gamma in the W. wing, i^ a star of the 3d magnitude, 3^° 
W. of Algorab, and is the upper righthand one in the square.' 
It is but 1^ E. of the equinoctial colure. 

. 10° E. of Beta is a star of the 3d magnitude, in the tail of 
Hydra, marked Gamma; these two, with Algorab, form 
nearly a right angled triangle, the right angle being at Beta. 

iiisTORY.— The Crow, it is said, was once of the purest white, but was chaoged 
for tale- bearing to its present colour. A fit punishment for such a lault I 

"The raven once in snowy plumes was drest, 

White as tlie whitest dove's unsullied breast, 

Fair as the guardian of the capito], 

Soft as the Swan; a large and lovely fowl ; 

His tongue, his prating tongue, had changed him quite. 

To sooty blacliness from the purest white." 
According to Greek fable, the Crow was made a constellation by Apollo. Thi« 
god being jealous of Coronis, (whom he tenderly loved.) the daughter of Phle< 
gyas and mother of GEsculapius, sent a crow to watch her behaviour ; the bird 
perceived her criminal partiality for Ischys the Thessalian, and immediately 
acquainted Apollo with her conduct, which so fired his indignation that he lodged 
an arrow in her breast, and killed her instantly. 

a" The god was wroth ; the colour left his look. 

The wreath his head, the harp his hand forsook; 

His silver bow and feather'd shafts he took, 

And loi{<rpd an arrow in the tender breast. 

That had so often to his own been prest." 
To reward the crow, he placed h?r among the constellations. 
Others say that this constellation takes its name from the daughter of Coro- 
nteus, king of Phocis, who was transformed into a crow by Mineiva, to rescue 
the maid lirom the pursuit of Neptune. The following, from an eminent Latin 
poet of the Augustine age, is her own account of the metamorphosis as transla- 
ted into English verse by Mr. Addison : — 

' For as my arms 1 lifted to t]«e skies, 

1 saw black feaihers fromjaiy fingers rise: 

Describe the position of Algorab. How does its declination compare witi\ that of 
Blrlus? What are its distance and direction from Alkes and Spica Virginis? De- 
scribe the situation of Ber i. Describe the situation of the righthand lower star. A>T|a« 
is the distance of Epsilon from the venial equinoX; and how may the "Wpg^ttti 
oOlniabs traced out by it ? What are the magnitude ana position of Gamniai or petai 
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I strove to fling my garment on the ^mid ; 

My garment turned to plumes, and girt me round: 

My hands to beat my naked bosom trv ; ■ 

Nor naked bosom now nor hands had I : 

Lightly I tripp'd, nor weary as before 

Sunk m the sand, but skimm'd along the shore ; 

Till, rising on my wings, I was preferr'd 

To be the chaste Minerva's virgin bird." 



VIRGO. 

The Virgin. — This is the sixth sign, and seventh constel- 
lation in the ecliptic. It is situated next east of Leo, and 
about midvv^ay between Coma Berenices on the N. and Cor- 
vus on the S. It occupies a considerable space in the hea- 
vens, and contains, according to Flamsted, one hundred and 
ten stars, including one of the 1st, six of the 3d, and ten of 
the 4th magnitudes. Its mean declination is 5° N., and its 
mean right ascension is 195°. Its centre is therefore on the 
meridian aboift the 23d of May. 

The Sim enters the sign Virgo, on the 23d of August, but does not enter the 
constellation before the 15th of September. When the sun is in this sign, the 
earth is in Pisces ; and vice versa. 

Spica VirginiSj in the ear of corn* which the virgin holds 
in her left hand, is the most brilliant star in this constella- 
tion, and situated nearly 15° E. N. E. of Algorab in the Crow, 
about 35° S. E. of Denebola, and nearly as far S. S. W. 
of Arcturus — three very brilliant stars of the 1st magnitude 
"that form a large equilateral triangle, pointing to the S. Arc 
turns and Denebola are also the base of a similar triangle on 
the north, terminating in Cor Caroli, which, joined to the 
former, constitutes the Diamond of Virgo. The length of this 
figure, from Cor Caroli on the north to Spica Virginis on the 
south, is 50°. Its breadth, or shorter diameter, extending from 
Arcturus on the east, to Denebola on the west, is.35Jo. Spica 
may otherwise be known by its solitarv splendour, there being 
no visible star near it except one of the 4th magnitude, situ- 
ated about 1° below it, on the left. 

The position of this star in the heavens, has been deter- 
mined with great exactness for the benefit of navigators. It 

* In the Egyptian Zodiac, litis, whose place was supplied by Virgo, was represented 
with three ears of com In her hand. According to the Egyptian rhytbolosy, Isia was 
said to have dropped a sheaf of com, as she fled from Typhon, who, as he continued 
to pursue her, scattered it over the heaven . The Chinese call the Zodiac the i/ellow 
road, as resembling a path over which the ripened ears of com are scattered. 

What is the relative position of Virgo among the signs and constellations of the 
ecliptic? How is it situated? How many stars does It contain, and how large are the 
prljficipal ones? What are its mean declination and right ascension? When Is the 
centre of the constellation on the meridian? Describe the principal star in Virgo. What 
are the distance and direction of Virgo from Algorab, Denebola and Arcturus? What 
are the magnitude and appearance of these three stars, and what figure do they form? 
How may Spica be other^vise distinguished? Why has Its position been determined 
with great exactness ? 
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IS one of the stats from which the moon's distance is taken 
for determining the longitude srt sea. Its situation is highly 
farourable for this purpose, as it lies within the moon's path, 
and little more than 2° below the earth's orbit. 

Its right ascension being 199^, it will come to our meridian 
at 9 o'clock about the 28th of May, in that point of the heav- 
ens where the sun is at noon about the 20th of October. 

Vindehiiatrix, is a star of the 3d magnitude, in the right arm, or northern wing 
of Virgo, and is situated nearly in a straight line with, and midway between 
Coma Berenices, and Spica Virginia. It is 19i^ S. W. of Arcturus, and about the 
same distance S. E. of Coma Berenices, and fofliis with these two a large tri- 
angle, pointing to the south. It bears also 18*^ S. S. E. of Dcn^bola, and comes 
to the meridian about 23 minuf.es before Spica Viranis. 

Zeta, is a star of the 3d magnitude 11^° N. of Spica, and very near the equi- 
noctial. Gamma, situated near the lett side, is also a star of the 3d m^nitude, 
and very near tlie equinoctial. It is 13^ due west of Zeta, with which and Spica 
it forms a handsome triangle. Eta, is a star of the 3d magnitude, in the southern 
wing, S'^ W. of Gamma, and but 2^° E. of the autumnal equinox. 

Beta, called also Zavijava, is a star of the 3d magnitude, in the shotHder of 
the wing, 7^° W. of Eta, with which and Gamma, it forms a line near the Earth's 
orbit, and parallel to it. Beta, Eta. Gamma and Spica, form the lower and longer 
side of a large spherical triangle whose vertex is in Beta- The other stars in this 
figure may be easily traced by means of the map. About 13° E. of Spica, there 
are two stars of the 4th magnitude, 3° apart, which matk the foot of Virgo. 
These two stars are on nearly the same meridian with Arcturus, and culminate 
nearly at the same time. The lower one, marked Lambda, is on the south, and 
but 8^ W. of the principal star in Libra. Several other stars of the 3d magni- 
tude lie scattered about in this constellation, and may be traced out by the map. 
"Her lovely tresses glow with starry light ; 
Stais ornament the" bracelet on her hand ; 
Her vest in ample fold, glitters with stars : 
Beneath her snowy feet they shine ; her eyes 
Lighten, all glorious, with the heavenly rays. 
'&\xi first the star which crowns the golden sheaC" 

Bistort. — The famous zodiac of Dendera, as we have already noticed, com- 
mences with the sign Leo ; but another zodiac, discovered among the ruins at 
Estne, in Egypt, commences with Virgo ; and from this circumstance, some 
have argued, that the regular precession of the equinoxes established a date to 
this at least 2000 years older than that at Dendera. The discoveries of Chan^ 
pollion, however, render it probable that this ancient relic of astrology at Estne 
was erected during the rei^n of the Emperor Claudius, and consequently did 
not precede the one at Dendera more than fourteen years. 

Of this, however, we may be certain : the autumnal equinox now corresponds 
with the first degree of Virgo ; and, consequently, if we find a zodiac in which 
the summer solstice was placed where the autumnal equinox now is, that zodiac 
carries us back 90° on the ecliptic ; this divided by the annual precession 50i", 
must fix the date at about 6450 years ago. This computation, according to the 
chronology of the Sacred writings, carries us back to the earliest ages of the 
human species on earth, and proves, at least, that astronomy was among the 
first studies of mankind. The most rational way of accounting for this zodiac, 
says Jamieson, is to ascribe it to the family of Noah ; or perhaps to the patriarch 
himself who constructed it for the benefit of those who should live after the 
deluge, and who preserved it as a monument to perpetuate the actual state of 
the heavens immediately subsequent to the creation. 

Fable represents the ancient Egyptians as believing that the yearly and regu- 
lar inundations of the Nile proceeded from the abundant tears which Isis shed , 

Why is Its situation favourable for taking the moon's distance 7 "When does it pass 
oar meridian 1 Describe the situation of VinAemiatrix. Describe the figure which it 
ibrms with other stars in the same neighbourhood. What are its distance andbear^ 
^wnDenebola? Describe Zeta. Describe Gamma. Describe the posUionff Eta Df 
eribe the posUion, qf Beta. What geometrical Jlgure may be farmed ^the stars in tM» 
netghbcurhood ? 
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for the I088 of OeiriSj whom Typhon had. basely murdered By confounding 

the simple allegory of the learned with, the nivthological creed of the vular- "- 
historical account furnished ua respecting Isis, becomes perplexed and 



the simple allegory of the learned with, the nivthological creed of the vulgar, the 
historical account furnished ua respecting Isis, becomes perplexed and unin- 
telligible. Perhaps with the following key, we may unlock the mystery : — ^The 



sun in Leo, was adorned as the god Osiris ; in Virgo, it was worshipped as his 
sister Isis ; at its passage into Scorpio, the terrible reign of Typhon commenced. 
Ck>lumella fixes the tran&it of the sun into Bcorpio, on the 13th of the calends of 
November ; arid this period nearly corresponds with that in which Osiris was 
feigrfed to have been slain by Typhon, and the death of Orion was to have been 
occasioned by the sting of a scorpion. When Scorpio begins to rise, Orion sets ; 
when Scorpio comes to the meridian, Leo begins to set : — ^Typhon then reigns, 
Osiris is slain, and his sister follows him to the tomb weeping. The tradHions allot 
the sign Virgo to Naphtali, whose standard had for its symbol, a tree "bearing 
goodly "hranches." 

Thus mythology, in describing the physical state of the world, invented a 
symbolical language which personified inanimate objects; ana the prrests redu- 
ced the whole of their noblest science to fables, which th« people believed as 
.true histories representing the moral condition of mankind during the first ages 
of civil fovernment. 

According to the ancient poets^ this constellation represents the virgin As- 
treea, the goddess of justice, who lived upon the earth during the golden age ; 
but being offended at the wickedness and impiety of mankind during the brazen 
and iron ages of the world, she returned to neaven, and was piaccd among the 
constellations of the zodiac, wiih a pair of scales (Libra) in one hand and a 
Bword in the other. 

Hesiodi who flourished nearly a thousand years before the birth of our 
Bavlour. and later writers, mention four ages of the world ; the golden, the 
silver, the brazen, and the iron age. In the beginning of things, say they, all 
men were happy, and all men were good ; the earth brought forth her fruits 
without the labour of man ; and cares, and wants, wars and diseases, were un- 
known. But this happy stale of things did not last long. To the golden age, the 
silver age succeeded ; to the silver, the brazen ; ancf to the brazen, the iron. 
Perpetual spring no longer reigned ; men continually quarrelled with each other; 
rrime succeeded to crime ; and blasphemy and murder stained the history of 
every day. In the golden age, the gods did not disdain to mix familiarly with 
the sons of men. The innocence, the integrity and brotherly love which they 
found among us, were a pleasing spectacle even to superior natures ; but as 
mankind degenerated, one god after another deserted their late beloved haunts ; 
▲strsBa lingered the last ; but finding the earth steeped in human gore, she her- 
self flew away to tlie celestial regions. 

" Victa jacet pietas ; et virgo caede madentes 
Ultima coelestum terras Astreea rellqult." 
Met Lib. i. v. 149. 
"Faith fle^ and piety In exile mourns; 
And jushcej here oppress'd, to heaven returns." 

Some, however, maintain, that Erigone was changed into the constellation 
Virgo. The death of her father IcariusL an Athenian, who perished by the 
hands of some peasants, whom he had intoxicated with wine, caused a fit of 
despair, in which Erigone hung herself; and she was afterwards, as it is said, 

S laced among the signs of the zodiac. She was directed by her faithful dog 
(sera to the place where her father was slain. The first bough on which she 
hung herself breaking, she sotight a stronger, in order to efiect her purpose. 
"Thus* once in Marathon's impervious wood, 
Erigone beside her father stood. 
When hastening to discharge her pious vows, 
She loos'd the knot, and cull'd the strongest boughs." 
Lewis's StatiuG^ B. xi. 
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ASTERION ET CHARA; VEL CANES VENATICI. 

The Greyhounds. — This modern constellation^ embracing 
two in one, was made by Hevelius out of the unformed stars 
VThat Is the origin of &e const^iatlon called the Oreyiumnds) 



IV.] BOOTES. 95 

of the ancients \viiich were scattered between Bootes on the 
east, and Ursa Major on the west, and between the handle of 
the Dipper on the north, and Coma Berenices on the south. 

These Hounds are represented on the celestial sphere as 
being in pursuit of the Great Bear, which Bootes is hunting 
round the pole of heaven, while he holds in his hand the leash 
by which they are fastened together. The northern one is 
called Astemony and the southern one, Charcu 

The stars in this group are considerably scattered, and are 
principally of the 5th and 6th magnitudes ; of the twenty-five 
stars which it contains, there is but one sufficiently large to 
engage our attention. Cor Caroli, or Charleses Heart, so 
named by Sir Charles Scarborough, in memory of Kinp^ 
Charles the First, is a star of the 3d magnitude, m the necK 
of Chara the Southern Hound. 

WTien on the meridian, Cor Caroli is 17i° directly S. of Alioth, the thiid star 
in the handle of the Dipper, and is so nearly on the same meridian that it culmi- 
nates only one minute and a half after it. This occurs on the 20th of May. 

A line drawn from Cor Caroli through Alioth will load to tlie N. polar star. 
This star may also be readily distinguished by its being in a straight line with, 
and midway between Benetnasch, the first star in the handle of tlie Dipper, and 
Coma Berenices : and also by the feet that wlien Cor Caroli is on the meridian, 
Denebola bears 28° S. *W., and Arcturus 26° S. E. of it, forming with these two 
stars a very large triangle, whose vertex is at tlie north j it is alio at the north- 
em extremity of the large Diamond, already described. 

The remaining stars in this constellation are too small, and too much scattered 
to excite our interest. 



CHAPTER VIII. 

DIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE OH 
THE MERIDIAN IN JUNE. 

BOOTES.* 

The Bear-Driver is represented by the figure of a hunts- 
man in a running posture, grasping a club in his right hand, 
and holding up in his left the leash of his two greyhounds, 
Asterion and Chara, with which he seems to be pursuing the 
Great Bear round the pole of the heavens. He is thence called 
Arctophylax, or the " Bear-Driver." 

* Pronounce<l Bo-o'-tes. 

How are the Greyhounds represented? By what names are they distinguished? 
What are the magnitiules of the stars which compose this group, and how are they sit- 
tiateU with respect lo each other? Describe the principal star. When on the meridian 
tpfua is its situation with regard to Alioth 7 How is Cor Caroli situated with respect 
to the polar star 1 How inay this star be othenoise readily distinguished 1 What tarjfB 
geometrical Mure does it farm loith two other briglit stars in its vicinity ? How Is tba 
constellation Bootes represented? Why is Bootes called the Bear-Dnver? 
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This constellation is situated between Corona Borealis, on 
the east, and Cor Caroli, or the Greyhounds, on the west. It 
contains fifty-four stars, including One of the 1st magnitude, 
seven of the 3d, and ten of the 4th. Its mean declination is 
20" N., and its mean right ascension is 212° ; its centre is 
therefore on the meridian the 9th of June. 

Bootes may be easily distinguished by the position and 
splendour of its principal star, Arcturus^ which shines with a 
reddish lustre, very much resembling that of the planet Mars. 

Arcturu^ is a star of the Ist magnitude, situated near the 
left knee, 26° S. E._of Cor Caroli and Coma Berenices, with 
which it forms an elongated triangle, whose vertex is at Arc- 
turus. It is^ 35i° E. of Denebola, and nearly as far N. of 
Spica Virginis, and forms with these two, as has already 
been observed, a large equilateral triangle. It also makes, 
with Cor Caroli and Denebola, a large triangle whose vertex 
is in Cor Caroli. 

A great variety of geometrical figures may be formed of the stars in this bright 
region of the skies. For example ; Cor CaroU on the N., and Spica Virginis in 
the S., constitute the extreme points of a very large figure in the shape of a dia- 
mond ; while Denebola on the VV. and Arcturus on the E., limit the mean diam- 
eter at the other points. 

Arcturus is supposed, by some, to be nearer the earth than 
any other star in tne northern hemisphere. 

Five or six degrees S. W. of Arcturus are three stars of the 3d and 4th magni- 
tudes, lying in a curved line, about 2° apart, and a httle below the left knee of 
Bootes ; and about 7° E. of Arcturus are three or four other stars of similar mag- 
nitude, situated in the other leg, making a larger curve N. and S. 

Mirac, in the girdle, is a star of the 3d magnitude, 10" N. N. E. of Arcturus, 
and about 11° W of Alphacca, a star in tlie Northern Crown. Segintcs, in the 
west shoulder, is a star of the 3d magnitude, nearly 20'^ E. of Cor Caroli, and 
about the same distance N. of Arcturus, and forms, with tliese two, a right an- 
gled triangle, the right angle being at Seginus. The same star forms a right an- 
gled triangle with Cor Caroli and Alioth, in Ursa Major, the right angle being at 
Cor Caroli. 

Alkuturops, situated in the top of the club, is a star of the 4th magnitude, about 
lOJo in an easterly direction from Seginus, which lies in the left shoulder : and 
about 4J" S. of Alkaturops is another star of the 4th magnitude, in the club near 
the east shoulder, marked Delta. Delta is about 9° distant from Mirac, and 7i° 
from Alphacca, and forms, with these two, a regular triangle. 

Ndekar is a star of the 3d magnitude, situated in tlie head, and is about 6° N. 
E. of Seginus, and 5° W. of Alkaturops ; it forms, with Delta and Seginus, nearly 
alight angled triangle, the right angle being at Nekkar. 

These are the principal stars in this constellation, except the three stars of 
the 4th magnitude situated in the right hand. These stars may be known, by 
two of them being close together, and about 5° beyond Benetnasch, the first star 

How is this constellation situated? How many stars does It contain ? How large are 
the principal ones? What Is its mean right ascension? Wlnt is its mean declination? 
When is its centre on the meridian? Howls it easily dirftin?uished from flie sur- 
rounding constellations? Describe Arcturus. What is Us situation with respect to 
Denebola and Spica Virginis ? How is It situated with respect to Cor Caroli and Dene- 
bola? What remarkable conAsxiration in. this part of the sky ? What Is the distance 
of Arcturus from the earth, compared with that of the other stars in the northern hen> 
1 sphere ? What stars five or »lx degrees southrncst qf Arctvrus 7 What stars in the 
other le?l Describe the star Mirac. Describe Seginus. With what other stars does 
eeginusforma right angled triangle 7 Describe the posUUm qf JVcatvrops. DeserOM 
the position qf Delta. Describe Nekkar. 
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In the handle of the Bipjper. About 6° E. of Benetnasch it another star of the 
4th magnitude, situated in the arm, which forms, with Benetnasch and the tiiree 
in the hand, an equilateral triangle. 

The three stars in the left hand of Bootes, the first in the handle oithe Dipper, 
Cor Caroli, Coma Berenices, and Denebola, are all situated nearly in the same 
right line, running from northeast to southwest. 

"Bootes follows with redundant light; 

FHfty-four stars he boasts ; one guards the Bear, 

Thence call'd Aretttrna, of resplendent front, 

The pride or the^r»r order : eight are veil'd, 

Invisible to the unaided eye.*' 

Maniltos thus speaks of this constellation : — >, 

"And next Bootes comes, whose order'd beama 
Present a figure driving of his teams 
Below his girdle, near his knees, he bears 
The bright Arcturusj fairest of the stars." 

Arcturus is mentioned by name in that beautiful passage 
in Job, already referred to, where the Almighty answers " out 
of the whirlwind," and says ; — 

"Canst thou the sky's benevolence restrain, 

And cause the Pleiades to shine in vain 1 

Or, when Orion sparkles from his sphere. 

Thaw the cold seasons and unbind the year 1 

Bid Mazzaroth his station know, 

And teach the bright Arcturua where to elow?" 

Young's Paraphrtut. 
History.— The ancient Greeks called this constellation I-ycaon— a name de- 
rived from iHtfXOf) which signifies a tpolf. The Hebrews called it Caleb Anubachf 
the " Barking Dog ;" while the I^ins/ among other names, called it Cania. If 
we go back to the time when Taurus opened the year, and when Virgo was the 
fifth of the zodiacal signs, we shall find that brilliant star Arcturus, so remarka* 
ble for its red and fiery appearance, corresponding with a period of the year as 
remarkable for its heat. Pythagoras, who introduced the true system of the 
universe into Greece, received it from OSnuphis, a priest of On, in Egvpt. And 
this college of the priesthood was tlie noblest of the east, in cultivating the stuiiies 
of philosophy and astronomy. Among the high honours which Pharaoh confer- 
red on Joseph, he very wisely gave him in marriage ''a daughter of the priest of 
On." The supposed era of the book of Job, in which Arcturus is repeatedly 
mentioned, is 1513 B. C. 

Bootes is supposed by some to be Icarus, the &ther of Eri^one, who was killed 
by shepherds for intoxicating them. Others maintain that it is Ericthonius, the 
inventor of chariots. According to Grecian fable, as well as later authorities, 
Bootes was the son of Jupiter and Calisto, and named Areas. Ovid relates, that* 
Juno, being incensed at Jupiter for his partiality to Calisto, changed her into a 
bec^, and that her son Areas, who became a famous hmiter, one ilay roused a 
bear in the chase, and not knowing that it was his mother, was about to kill her, 
when Jupiter snatched them both up to heaven and placed them among the con- 
■tellations. Met. b. ii. v. 496^606. 

"But now her son had fifteen summers told, 

Fierce at the chase, and in the forest bold ; 

When as he beat the woods in quest of prey, 

He chanced to rouse his mother where she lay. ] 

She knew her son, and kept him in her sight, 

And fondly gazed : the boy was in a fright, 

And aim'd a pointed arrow at her breast : 

And would have slain his mother in the beast ; 

But Jove forbad, and snatch'd them through the air 

In whirlwinds up to heaven, and fix'd 'em there ; 

Describe the three stars in the 2^ hand qf Bootes. What stars in thU neUrhbourhood 
Jbrm a long Une through the heavens? where is Arcturua menUoned in the Scrip- 

9 
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Where the nfew constellations nightly rise, 
And add a lustre to the northern skies." 

Garth*9 Tranalation, 
LuOAN, in his PharaaUc^ says, 

"That Brutus, on the busy times intent, 
To virtuous Cato's humble dwelling went 
'Twas when the solemn dead of night came on, 
When bright Caiiato, with her shining aon^ 
Now half that circle round the pole had run." 
This constellation is called Bootes, says Cicero, (Nat. Deo. Lib. ii. 42,) from a 
Greek word signifying a wagoner, or ploughman : and sometimes ArctophyUtx, 
from two Greek words signifying near-keeper or bear-driver. 
"Arctophylax, vulgo qui dicitur esse Bootes, 
Quod quasi temone adjunctum prse se quatit Arctum." 
The stars in this region of the skies seem to have attracted the admiration of 
almost all the eminent writers of antiquity. Claudian observes, that 
" Bootes with his wain the north unfolds ; 
The southern gate Orion holds." 
And Aratus,* who flourished nearly 800 .years before Claudian, says, 
"Behind, and seeming to urge on the Bear, 
Arctophylax, on earth Bootes named. 
Sheds o'er the Arctic car his silver light" 



CENTAURUS. 

The Centaur. — This fabulous monster is represented by 

♦ This Is the poet wliom St Paul refers to when he tells the Athenians, Acts xviL 
98, that " some of their own poets have said," " Tow y^p Kxt y*ne ia-juiy : For we are 
also his offspring." These words are the beginning of the 5th line of the " Phenome- 
na," of Aratus ; a celebrated Greek poem written In the reign of Ptolemy Philadelphus, 
two thousand one hundred years ago, and afterwards translated into Latin verse by 
Cicero. Aratus was a poet of St Paul's own country. The apostle borrows again from 
the same poet, both in his Epistle to the Galatians, and to Titus. The auloect of the 
poem was grand and interesting : hence we find it referred to in the writings of St 
Clement, St Jerome, Sl Chrysostom, CEciunenius, and others. As this poem describes 
the nature and motions of the stars, and the origin bf the constellations, and is, more- 
over, one of the oldest compositions extant upon this Interesting subject the author 
has taken some pains to procure a Polyglot copy from Qermany, together with the As- 
tronomicon of Manilius, and some other works ofisimilar antiquity, that nothing should 
be wantins; on his part which could impart an interest to the study of the constella- 
tions, or illustrate the frequent allusions to them which we meet with in the Scrip- 
tures. 

Dr. Dodilrid^ says of the nbnvo cinotatidnt that "theso words ntfi Wf*ll knfiwii to he 
fouuil in Aratus, a poet of V -.wi'a own iroimiry^ who Hvi-a.l nlniost 3tMJ ycara hcfcire the 
apostle's time ; and that th- r^iiaie wi^fd?. w(rh iho aIti!F^Uuii of onJy one letier, are to 
be found in the Hj^mn of < ^jjua^, to Juiitter, tho ^n^ttme Orjft: which \&. heymiid 
comparison, the purest and \\t\^3i^l pita^'&ot liOJurni rc?i8r£&/», nf its leii^h. whJch I know 
hi ths whole world of Pagnn nEinnKy ; and whlt^hr ft" for d? T <:an fer^^Jllect, Jiontiiina 
nothin? unworthy of a Chrl' ■■ -r Miait ^limn^t pufeJ. of an Inn^lret! pen. The apos- 
tle mi;,Mit perhaps refer to ( na Wi^U as to SiJ:i rouiur^'oiiui Amrus." 

Mmy of the elements an : i . 'i - ■■£' hpatheti layLhology lati so bJ^^nrJl^^tl wjth the In- 
spired writings, that they n: ht t n^-fiJ:* h€ MtutUcit mon> or le&». In order lo have is, umm 
proper understanding of nu I ri.jrm IS passairea Ij^ith H\ ih*:- Otil anit New TeiUin«iit. 

The great apostle of the i Nvatiies, In uttering hEs loitttlDni ^nUjrtentSn Biiil in pen- 
nin«rhli epistles, often refer* i^i, arul ^snnii'tiui-..* qnoici. Vfiitiatim ftoitii iho dlisiiiiifij IshuJ 
writers who preceded him. 

Thus, in 1 Cor. xv. 33, we have " Mj» yn^vAO-Bt' * ^u^wa-n nBn ^wB* c/uPUAt 
xtK'U.^ Be not deceived ; evil ccmununicatlons corrupt good manners ;" which is a 
literal quotation by the apostle from the Thais of Menander, an inventor of Greek 
comsdy , and a celebrated Athenl m poet, who flourished nearly 400 years before the 
apostle wrote his epistle to the Corinthians. Tha? Panl adopts the sentiment fit the 
comedian, and it becomes hallowed by " the divinity that stirred within him." Ter- 
tulllan remarks, that " in quoUng this, the aposUe hath sanctified the poet's sentiment" 

How Is the Centaur represented? 
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tne figure of a m^n tenninatmg in the body of a horse, hold- 
ing a wolf at arm's length in one hand, while he transfixes its 
body with a spear in the other. j 

Although this constellation occupies a large space in the 
southern hemisphere, yet it is so low down that the main 
part of it cannot be seen in our latitude. . It is situated south 
of Spica Virginis, with a mean declination of 50°. It con- 
tains ^h'ty-five stars^includiug two of the 1st magnitude, one 
of the 2d, and six of the 3d ; the brightest of which are not 
visible in the United States.) 

Theta, is a star of between the 2d and 3d magnitude, in the east shoulder, and 
ta&y be seen from this latitude during the month of June, being about 27^ S. by 
E. IrOm Spica Virginis, and 12° or 13° above the souUiern horizon. It is easily 
recognised, in a clear evening, from the circumstance that there is no otlier star 
of similar brightness, in the same region, for which it can be mistaken. It is so 
nearly on the same meridian vrith Arcturus that it culminates but ten minutes 
btfore it. * 

■Iota, is & star of between the 4th and 5th magnitude, in the west shoulder, 9i^ 
W. of Theta. It is about 26° aUnost directly south ot Spica Virginis, and is on 
ihfi meridian nearly at the same time. ■ 

hMu and Nu^ are stars of fine 4tn magnitude, in the breast very near together} 
and form a regular triangle with the two stars in the shoulders. 

A few degrees north of the two stars in the shoulders, are four small stars in 
the head. The relative position of the stars in the head and shoulders is very 
similar to that of the stars in the head and shoulders of Orion. 

HisTOKY.— Centaurs, in mythology, were a kind of fabulous monsters, half men 
snd half horses. This fable is, however, differently interpreted ; some suppose 
the CentaUrs to have been a body of shepherds and herdsmen, rich in cattle, who 
inhabited the mountains of Arcadia, and to whom is attributed the invention of 
pastoral poetry. But Plutarch and Pliny are of opinion, thea such monsters have 
realty existed. Others say, that under the reign of Ixion, king of Thessaljr, a 
herd of bulls ran mad, and ravaged the whole country, rendering the mountains 
inaccessible ; and that some young men, who had foimd the art of taming and 
mounting horses, undertook to expel these noxious animals, which they pur* 
sued on horsebaclc, and thence obtained the appellation of CentauTS. 

This success rendering them insolent, they msulted the Lapithse, a people of 
Thessaly ; and because, when attacked, they fled with great rapidity, it was sup* 
posed tliat they were half horses and half men ; men on horses being at that 
period a very uncommon sight, and the two appearing, especially at a distance, 
to constitute but one animal. So the Spanish cavalry at first seemed to the as* 
tonished Mexicans, who imagined the horse and his rider, 'like the Centaurs of 
&e ancients, to be some monstrous animal of a terrible form. 

The Centaurs, in reality, were a tribe of I^pithse, who resided near Mount 
Pellon, and first invented the art of breaking horses; as intimated by Virgil : — 
^The LapithsB to chariots add the state 
Of bits and bridles; taught the steed to bound; 
To turn the ring, and trace the mazy ground; 
To stop, to flyj the rules of war to know ; * 

To obey the rider, and to dare the foe." 



LUPUS. 

The WoLP.-^This constellation is situated next east of 
the Centaur, and south of Libra ; and is so low down in the 

- > 

What is the situation of this constellation 1 What are the number and magnitude of 
its stars 9 Ducrihe the situation of Theta. How ia it eaaUy recognised in a clear even^ 
ingl What is Us distance from the meridian qfAreturtta? Describe the star in tht 
vett shoulder. Describe (he stars in Pie ^east. Where is the Wolf sitivtind? 
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soiithem hemisphere, that only a few stars in the group are 
visible to us. ^ 

It contains twenty-four stars, including three of the 3d mag 
nitude, and as many of the 4tk5 the brightest of which, when 
on the meridian, may be seen in a clear evening, just above 
the southern horizon. Their particular situation, however, 
will be better traced out by reference to the map than by writ- 
ten directions. 

The most fevourable time for observing this constellation, 
is towards the latter end of June. 

History.— This constellation, according to fable, is Lycaon, king of Arcadia, 
who lived about 3,600 years ago, and was changed into a wolf by Jupiter, because 
he offered human victims on the altars of the god Pan. Some attripute this met- 
amorphosis to another cause. The sins of mankind, as thev relate, had become 
80 enormous, that Jupiter visited the earth to punish its wickedne-s and impiety. 
If e came to Arcadia, where he was announced as a god, and the people beffaa 
to pay proper adoration to his divinity. Lycaon, however, who used to sacrince 
all strangers to his wanton cruelty, laughed at the pious prayers of his 8ubJectl^ 
and to try the divinity of the god, served up human flesh on his table. This im* 
piety so offended Jupiter, that 'he immediately destroyed the house of LycaoOi 
and changed him into a wolC 

"Of these he murders one ; he boils the flesh, 

And lays the mangled morsels in a dish ; 

Some part he roasts ; then serves it up, so dress'd^ 

And bids me welcome to his human feast. 

Moved with disdain, the table I o'ertum'd, 

And with avenging flames the palace bum'd. 

The tyrant in a fright for shelter gains 

The neighb'ring field& and scours along the plaini : 

Howling he fled, and fain he would have spoke, 

But human voice his brutal tongue forsook. 

His mantle, now his hide, with rugged hairs, 

Cleaves to his back ; a famish'd face he bean; 

His arms descend, his shoulders sink away 

To multiply his legs for chase of prey ; 

He grows a wolf."— 'Ouid, Met. B. i. 



LIBRA. 

The Balance. — This is the seventh sign, and eighth con- 
stellation, from the vernal equinox, and is situated in the Zo- 
diac, next ea§t of Virgo. 

The sun enters this sign, at the autumnal equinox, on the 
23d of September ; but does not reach the constellation before 
the 27th of October. 

Virgo was the goddess of justice, and Libra, the scales, 
which she is usually represented as holding in her left hand, 
are the appropriate emblem of her office. When the sun en- 
ters the sign Libra, the days and nights are equal all over the 

How many stars does it contain? Under what circumstances may the brightest of 
them be seeni How may the stars in this group be most conveniently traced out) 
When is the most fkvouralile time tot observing this constellation i How Is Libra sit- 
uated among the constfillations of the Zodiac? At what season of the year does the 
sun enter Libra? Who was Vli^o, and what was the emblem of her omcel What ll 
the relative length of t%e days and nights ^taen the sun enters Libia? 
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world, and seem to observe a kind of equilibrium, life a 
baianee. 

When, however, it is said that the vernal and autumnai 
. equinoxes are in Aries, and Libra, and the tropics in Cance> 
and Capricorn, it must be remembered that the signs Arie» 
and Libra, Cancer and Capricorn, and not the constellatiouK 
of these names are meant ; for the equinoxes are now in thk. 
constellations Pisces and Virgo, and the tropics in Gemini 
and Sagittarius ; each constellation having gone forward 
one sign in the ecliptic. 

About 22 centuries ago. the constellation Libra coincided 
with the sign Libra ; but naving advanced 30° or more in the 
ecliptic, it is now in the sign Scorpio, and the constellation 
Scorpio is in the sign Sagittarius, and so on. 

While Aries is now advanced a whole sign above the equi- 
noctial point into north declination, Libra has descended as 
far below it into south declination. 

Libra contains fifty-one stars, including two of the 2d mag- 
nitude, two of the 3d, and twelve of the 4th. Its mean decC- 
nation is 8° south, and its mean right ascension 226°. Its 
centre is therefore on the meridian s^out the 22d of June. 

It may be known by means of its four principal stars, form- 
ing a quadrilateral figure, lying northeast and southwest, and 
having its upper and lower corners nearly in a line running 
north and south. The two stars which form the N. E. side of 
the square, are situated about 7° apart, and distinguish the 
Northern Scale. The two stars which form the S. W. side 
of the square, are situated about 6° apart, and distinguish the 
Southern Scale. 

Zubeneackamali, in the Southern Scale, about 21° E. of Spica, and 8° E. of' 
Lambda Virginia, is a star of the 2d magnitude, and is situated very near the 
ecliptic, about 42|*^ E. of the autumnal equinox. The distance from this star 
down to Theta Centauri, is about 23°, with which, and Spica Virginis, it forms a 
large triangle, on the right. 

Zubenelgemabi, the uppermost star in the Northern Scale, is also of the 2d 
magnitude, 9]^° above Zuoeneschamali, towards the nortiteast, and it comes to 
the meridian about twentj-siz minutes after it, on the 23d of June. Zubenelge* 
mabi is the northernmost of the four bright stars in this figure, and is ejcactly 
opposite the lower one, which is 11° south of it. 

Xubenhakrahi^ is a star of the 3d magnitude in the Northern Scale, 7° S. E. of 
Zubenelgemabi, and nearly opposite to Zubeneschamali, at the distance of 11° 
on the east. These two make the diagonal of the square east and west. 

lotOy is a star of the 3d magnitude, and constitutes the southernmost comer of 

When it Is said that the vernal and autumnal equinoxes are In Aries and Libra, and 
the tropica in Cancer and Capricorn, what is meant? In what constellations, then, are 
the equinoxes and the tropics situated? When did the constellation of Libra coincide 
with the gignx>{ that name? In what sign is the constellation Libra now situated; 
What are the number and magnitude of the stars in Libra? What are Its right ascen- 
sion and declination 7 When Is its centre on the meridian ? How may this constella- 
tion be known? What figure do the three upper stars in this fl^re form? What stars 
distinguish the Northern Scale? What theSoutltemr Describe ZubenevchamaH. With 
tntaf other atom does it form a large triangle} Deseribe the principal star ^ the 
Ihrtfmn ScaU, DeecribethepoeitUm qf SSubenhakrabt. DeeertH theporition (ffTota. 
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the square. It is about 6^ S. E. of Zubeneschamali, and IP S. of Zub'eneli^ 
mabi, with which it forms the other diagonal north and south. 

Zeln:nfJgubi, ia a siar of the 3d magnitude, situated below the Southern Scale, 
at the distance of 6^ from lota, and marks the southern limit of tlie Zodiac. It is 
situated in a right line with, and nearly midway between, Spica Virginis and Beta 
Scorpionis ; and comes to the meridian nearly at the same moment with Nekkar, 
in the head of Bootes. 

The remaining stars in this constellation are too small to engage attention. 

The scholar, in tracing out this constellation in the heavens, will perceive that 
Lambda and Mu, which lie in the feet of Virgo on the west, form, with Zubenes- 
chamali and Zubenelgemabi, almost as handsome and perfect a figure, ad the 
other two stars in the Balance do on the east. ' 

History. — ^The1.ibra of the Zodiac, says Maarice, m his Indian Antiquities, is 
perpetually seen upon all the hieroglyphics of Egypt ; which is at once an argu- 
ment of the great antiquity of this asterism, and of the probability of its having 
been originally fabricated by the astronomical sons of Misraim. In some few 
zodiacs, Astraea, or the virgin who holds the balance in her hand as an emblem 
of equal justice, Is not drawn. Such are the zodiacs of Estne and Dendera. 
Humboldt is of opinion, that although the Romans introduced this constellation 
into their zodiac in the reign of Julius Cesar, still it might have been used by the 
Egyptians and other nations of very remote antiquity 

It is generally supposed that the figure of the balance has been used by all 
nations to denote the equality of the days and nights, at the period of the sun's 
arriving at this sign. It has also been observed, that at this season there is a 
greater uniformity in the temperature of the air all over the earth's surface. 

Others affirm, that the beam only of the balance was at first placed among the 
stars, and that the Egyptians thus honoured it as their Nilometer^ or instrument 
by which they measured the inundations of the Nile. To this custom of measur- 
ing the waters of the Nile, it is thought the prophet alludes, when he describes 
the Almighty as measuring the waters in the hoUow of his hand. — ^Isa. xl. 12. 

The ancient husbandmen, according to Virgil, were wont to regard this sign 
as indicating the proper time for sowing their winter grain : — 
"But when Astraea's balance, hung on high, 
Betwixt the nights and days divides the sky, 
Then yoke your oxen, sow your winter grain, 
Till cold December comes with driving rain." 

The Greeks declare that the balance was placed among the stars to perpetuate 
the memory of Mochus, the inventor of weights and measures. 

Those who refer the constellations of the Zodiac to the twelve tribes.of Israel, 
ascribe the Balance to Asher. 



SERPENS. 
The Serpent. — There are no less than four Mnds of ser- 
pents placed among the constellations. The first is the Hydra. 
which is situated south of the Zodiac^ below Cancer, Leo and 
Virgo ; the second is Hydrus,which is situated near the south 
poie ; the third is Draco, which is situated about the north 
pole ; and the fourth is the Serpent, called Serpens Ophiuchi, 
and is situated chiefly between Libra and Corona Borealis. 
A large part of this constellation, however, is so blended with 
Ophiuchus, the Serpent-Bearer, who grasps it in both hands, 
that the concluding description of it will be deferred until we 
come. to that constellation. 

"The Serpens Ophiuchi winds his spire 
Immense ; fewer by ten his figure trace ; 

What star in this eonsttllation marks the 80ut?iemiimit tufthe Zodiac? How man/ 
Wnds of serpents have been placed among the constellations? Mention tbem« aod their . 
situaUons. ^Ith what is a large part of this constellation blendedl 
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One of the second rank ; ten shun the sight ; 
And seven, he who bears the monster hides." 

, Those stars which lie scattered along for about 25®, in a 
serpentine direction between Libra and the Crown, mark the 
bpdy and head of the Serpent. 

About 10° directly S. cHT the Crown there are three stars of 
the 3d magnitude, which, with several smaller ones, distin- 
g^sh the head. 

. Unuk, of the 2d magnitude, is the pnncipal star in this con- 
stellation. It is situated in the heart, about 10® below those 
in the head, and may be known by its being in a h ae with) 
and between, two stars of the 3d magnitude — the lower one, 
marked Epsilon, being 2^°, and the upper one, marked Delict. 
about 5^° from it. The direction of tnis Ime is N. N. W. and 
S. S. E . Unuk may otherwise be known by means of a small 
star, just above it, marked Lambda, . 

In that part of the Serpent which lies between Corona Bo- 
realis and the Scales, about a dozen stars may be counted, of 
which five or six are conspicuous. 

For the remainder of this constellation, the student is refer- 
red to Serpentarius. 

"Vast as the starry Serpent, that on hteh 
Tracks the clear ether, and divides the sky. 
And southward winding from the Northern' Wwn, 
Shoots to remoter spheres its glittering train."— /Sfatitt*. 
IIisTOKT.— The Hivites, of the Old Testament, were worshippers of the Ser- 
pent, and were called Ophites. The idolatry of these Ophites was extremely 
ancient, and was connected with Tsabaisnh or the worship of the host of heaven. 
The heresy of the Ophites, mentioned by Mosheim in his Ecclesiastical History, 



originated, perhaps, in the admission into the Christian ^hurch of some remnant 
'the ancient and popular sect of Tsabaists, who adored the celestial Serpent 
According to ancient tradition, Ophiuchiis is the celebrated physician iEsca- 



lapius, son of Apollo, who was instructed in the healing art by Chiron the Cen- 
taur ; and the serpent, which is here placed in his hands, is understood by some 
to be an emblem of his sagacity and prudence ; while others suppose it was 
designed to denote his skill in healing the bite of this reptile. BioUcal critics 
imagine that this constellation is alluded to in the following passage of the book 
of Job :— 

" By his spirit He haih garnished the heavens ; his hand hath formed the 
crooked serpent." Mr. Green supposes, however, that the in^ired writer here 
refers to Draco, because it is a more obvious constellation, being nearer the pole 
where the constellations were more universally noticed ; and moreover, because 
St is a more ancient constellation than the Serpent, and the hieroglyphic hy which 
the Egyptians usually represented the heavens. 



CORONA BOREALIS. 

The Northern Crown. — This beautiful constellation may- 
be easily known by means of its six principal stars, whicn 
are so placed as to form a circular figure, very much resem- 

What stars mark the head and body ot the Serpent? Describe the principal star In 
this bonstellatlon. How may it be known 7 "What stars distinguish the head » How 
nmy stars maybe counted In that part of the constellation which lies between Cocona 
BoreaUea»ltheSo«lM) How may Corona Bonalls be easily knowni 
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bling a wreath or crown. It is situated directly north of the 
Serpent's head, between Bootes on the west and Hercuks on 
the east. 

This Bslerism was knovm to the Hebrews by the name of Ataroth^ and by thia 
name the staivin Corona Borealis are called, in the East, to this day. 

Alphucca^ of the 3d magnitude, is the brightest and middle 
star m the diadem, and about 11^ E. of Mirac, in Bootes. It 
is very readily distinguished from the others both on account 
of its position and superior brilliancy. Alphacca, Arcturus. 
and Seginus. form nearly an isosceles triangle, the vertex or 
which 13 at Arcturus. 

This constellation contains twenty-one stars, of which 
only six or ei^ht are conspicuous ; ana most of these are not 
larger than the 3d magnitude. Its mean declination is 30^^ 
north, and its mean right ascension 235° ; its centre is 
therefore on the meridian about the last of June, and the first 
of July. 

^ And, near to Heliee, efililgent rays 
Beam, Ariadne, from thy starry crown : 
7\Deniy and one her stars ; but eight alone 
Conspicuous; one doubtful, or to claim 
The second order, or accept the third." 

Bistort. — ^This beautiful little cluster of stars is said to be in commemoration 
of a crown presented by Bacchus to Ariadne, the daughter of Minos, second king 
of Crete. Theseus, king of Athens, (1235 B. C.,) was shut up in the celebrated 
labyrinth of Crete, to be devoured by the ferocious Minotaur which was con- 
fined in that place, and which usually fed upon the chosen young men and 
maidens exacted from the Athenians as a yearly tribute to the tyranny of Minos , 
but Theseus slew the monster, and being furnished with a clue of thread by 
Ariadne, who was passionately enamonred of him, he extricated himself from 
the difficult windings of his confinement 

He afterwards married the beautiful Ariadne, according to promise, and car< 
ried her away ; but when he arrived at the island of Naxos, he deserted her, 
notvrithstanding he had received from her the most honourable evidence of a^ 
tachment and endearing tenderness. Ariadne was so disconsolate upon being 
abandoned by Theseus, that, as some say, she hanged herself; but Plutarch 
says that she lived many years after, and was espoused to Bacchus, who loved 
her with much tenderness, and gave her a crown of seven stara^ which, after 
her death, wu placed among the stars. 

*( Resolves, for this the dear engaging dame 
Should shine forever in the rolls offame ; 
And bids her crown among the stars he-ptoced, 
And with an eternal constellation grac'd. 
The golden circlet mounts; and, as it flies, 
Its diamonds twinkle in the distant skies ; 
There, in their prisdne form, the gemmy rays 
Between Alcides and the Dragon blaze.'* 

Manl11nti| in the first book of his Aatronomiconf thus speaks of the Crown. 

"Near to Bootes the bright crown is view'd 
And shines with stars of different magnitude : 

^ Where is It situated) Describe the principal star in the group. What geometrical 
figure is formed by the stars In this neighbourhood 1 What are the number and mag- 
xutude of the stars in this constellation ? What are its mean decUnatioa and right as- 
oenston? When U it on cur meridian? 



MAP VI.3 URSA MINOR. 105 

Or placed in front above the rett dfsplafs 
A vigorous Ught, and darts surprising rays. * 
This shone, since Theseus first his laith betray'd. 
The monument of the forsaien maid." 



URSA MINOR. 

The Little Bear. — This constellation, though not re- 
markable in its appearance, and containing but few conspi- 
cuous stars, IS, nevertheless, justly distinguished from all 
others for the peculiar advantages which its position in the 
neavens is well known to afford to nautical astronomy, and 
es^cially to navigation and surveying. 

The stars in this group being situated near the celestial 
pole, appear to revolve about it, very slowly, and in circles 
so small as never to descend below the horizon.% 

In all ages of the world, this constellation hro been more 
universally observed, and more carefully noticed than any 
other,/on account of the importance whic^ mankind early at- 
tached to the position of its principal star. 

This star which is so near the true pole of tl^e heavens^ 
has, from time immemorial, been denominated , the North 
Polar Star. By the Greeks it is called Cynosyre ; by the 
Romans, Cynosura, and by other nations, Alruccahah. 
\ It is of the 3d magnitude, or between the 2d and 3d, and 
situated a little more than a degree and a half from the true 
pole of the heavens, on that side of it which is towards Cassi- 
opeia, and opposite to Ursa Major.X Its position is pointed 
out by the direction of the two Pointers^ Merak and Dubhe, 
whicn lie in the square of Ursa Major. A line joining Beta 
Cassiopeise, which lies at the distance of 32° on one side, and 
Megrez, which lies at the ^ame distance on the other, will 
pass through the polar star, j 

/ So general is the popular notion, that the North Polar Star 
Js the true pole of the world, that even surveyors and 
navigators, wno have acquired considerable dexterity in the 
use of the compass and the quadrant, are not aware that it 
ever had any deviation, and consequently never make allow- 
ance for any. .All calculations derived from the observed posi- 
tion of this star, which are founded upon the idea that its 
bearing is always due north of any place, are necessarily er- 
roneous, since it is in this position only twice in twenty-four 
hours ; once when above, and once when below the pole. 

What rentiers Ursa Minor an important constellationi What is its situation with 
resiMfct to the North Pole, and how do its stars ap|)ear to revolve aruund this polet 
Why has this constellation been more universally observed, in all ages of the world, 
than any other? What is this star den<Hnlnated1 What are itx magnitude and post- 
Hon? How is its position pointed out? How is it situated with inspect to Megres 
and Beta Cassiopels ? Is it generally considered to be the north pole of the baaveasf 
An calculations founded upon this notion corirect} 
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According to the Nautical Almanac, the mean distance of 
this star from the true pole of the heavens, for the year 1833 
is 1° 34' 63'', and its mean right ascension is 1 hour and 19 
seconds. • Consequently, when the right ascension of the me- 
>ridian of kfty place is I hour and 19 seconds, the star will he 
exactly on the meridian at that time and place, but 1° 34' 
53" above the true pole. Six hours after, when the right as- 
cension of the mendian is 7 hours and 19 seconds, the star 
will be at its greatest elongation, or 1° 34/ 53" directly west 
of the true pole^ and parallel to it, with respect to the horizon ; i 
and when tne right ascension of the meridian is 13 hours and 
19 seconds, the star will be again on the meridian, but at the 
distance ot 1° 34' 53" directly below the pole. 

In like manner, when the right ascension of the meridan is 
19 hours and 19 seconds, the star will be at its. greatest east- 
ern elongation, or 1° 34' 53" east of the true pole ; and when 
it has finished its revolution, and the right ascension of the 
meridian is 25 hours and 19 seconds, or, what is the same 
thing. 1 hour and 19 seconds, the star will now be on the 
meriaian again, 1° 34' 53" above the pole. 

N. B. The right ascension of the meridian or of the mid-heaven, is the dis- 
tance of the first point of Aries ih>m the meridian, at the time and place of ob* 



servation. The right ascension of the meridian for any time, is foum J, by adding 
to the given time the sun's right ascension at the same time, and deducting 2l 
hours, when the sum exceeds 2i hours. 



From the foregoing facts we learn, that from the time the 
star is on the meridian, above the pole, it deviates farther and 
farther from the true meridian, every hour, as it moves to the 
west, for the space of six hours, when it arrives at its greatest 
elongation west, whence it reapproaches the same meridian 
below the pole, during the next six hours, and is then again 
on the meridian ; being thus alternately half the tmie west 
of the meridian, and half the time east of it. 

Hence, ir is evident that the surveyor who regulates his 
compass by the North Polar Star, must take his observation 
when the star is on the meridian, either above or below the 
pole, or make allowance for its altered position in every other 
situation. For the same reason must the navigator, who ap- 
plies his quadrant to this star for the purpose of determining 
the latitude he is in, make a similar sillowance, according as 
its altitude is greater or less than the true pole of the hea- 

What Is the present distance of this star from the true pole of the heavens? "What is 
its mean right ascension? When is it on the meridian, and what then is its bearinjf 
from the iKae. .What is its situation six hours afterwards? What is its situation six 
hours after that? What is Its situation when in its third quadrant ? What do you un- 
dentand by the right tucension qf the meridian^ or qf the mid-heaven J Bow do you 
Jlftd the right aacemion of the mid-heaven ? In what manner does the north star de- 
viate from the meridian during one revolution ? How do these fawts concern the sur- 
veyor? 
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Tens ; for we have seen that it is alternately half the time 
above and Hialf the time below the pole. 

The method of finding the latitude of a place from the alti- 
tude of the polar star, as it is very simple, is veiy often re- 
sorted to. Indeed, in northern latitudes, the situation of this 
star is more favourable for this purpose tnan that of any other 
of the heavenly bodies, because a single observation, taken at 
any hour of the night, with a good instrument, will give the 
true latitude, without any calculation or correction, except 
that of its polar aberration. 

If the polar star always occupied that point in the heaTens which if directlj 
opposite the north pole of the earth, it would be ea^yto understand how latitude 
could be determined from it in th)e northern hemisphere ; for in this case, to a 

Eerson on the equator, the poles of the world would be seen in the horizon, 
^nsequently, the star would appear just yisible in the northern horizon, with- 
out any elevation. Should the person now travel one degree towards the north, 
he would see one degree below the star, and he would tlunk it had risen one 
degree. 

And since we alwajrs see the whole of the upper hemisphere at one Tiew, 
when there is nothing in the horizon to obstruct our vision, it follows that if wa 
should tntVel VP north of the equator, we should see just 10^ below the pole, 
which would then appear to have risen 10° ; and should we stop at the m de- 

See of north latitude we should, in lilce manner, have our horizon just 42^ below 
e pole, or the pole would appear to have an elevation of 4S9. Whence we de- 
rive this general truth : 7*Ae elevation of the pott of the equator^ ia oiwayn equal 
to the latitude of the place of observation. 

Any instrument, then, which will give us the altitude of the north pole, will 
give us also the latitude of the place. 

The method of illustrating this phenomenon, as given in most treatises on the 
globe, and as adopted bv teachers generally, is to tell the scholar that the north 
pole rises higher and higher, as he travels further and farther towards it la 
other words, whatever number of degrees he advances totearda the north pole, 
so many degrees will it rise above his horizon. This is not only an obvious errour 
in principle, but it misleads the apprehension of the pupiL It is not that the pote 
i» elevated^ but that our horizon ts depressed as we advance towards the north. 
The same objection lies against the artificial globe ; for it ought to be so fixed 
that the horizon might be raised or depressed, and the pole remain in ita own 
invariable position. 

Ursa Minor contains twenty-four stars, including three of 
the 3d magnitude and four of the 4th. The seven principal 
stars are so situated as to form a fissure very much resembling 
that in the Great Bear, only that the Dipper is reversed, and 
about one half as large as the one in that constellation. 

The first star in the handle, called Cynosura^ or Alrucca-' 
bah, is the polar star, around which the rest constantly re- 
volve. The two last in the bowl of the Dipper, corresponding 
to the Pointers in the Great Bear, are of the 3d magnitude, 

"Why Is the method of findhig the latitude by the polar star, often resorted toi Whjr 
is the position of this star fovourable to this purpose? Jf the north star perfectly eth 
incided with the north pole qf the heavens, where tootUd it be seen from the equator 7 
Bhould a person travel one degree north of the equeaor, where toould the star appear 
then 7 Suppose he should travel 1 degrees north <tfthe equator 1 Suppose he were to 
atop at the 42i degree qf north latitude ? MThat general truth results fiom these facts 7 
What, then, ia all we want, to find the latitude qfany place? Qfwhat advantage to a 
mariner, is an instrument which wiU give the aUmtde of the pole? What an the 
number and magnitude of the stars, contained in Ursa Minorl What flfuie do ^ 
aeven principal stars formi Describe the first in tbs handle of the Uttte Dipper. De* 
■cilbe the two last in the bowl of tbe Dipper. 
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and situated about 15^ from the pole. The brightest of them 
is called Kochab, which signifies an axle or hinge, probably 
in reference to its moving so near the axis of the earth. 

Kochah may be easily known by its being the brightest 
and middle one of three conspicuous stars forming a row, one 
of which is about 2°, and the other 3°, from Kochab. The 
two brightest of these are situated in the breast and shoulder 
of the animal, about 3^ apart, and are called the Guards or 
Pointers of Ursa Minor. They are on the meridian about the 
20th of June, but may be seen at all hours of the night, when 
Uie sky is clear. 

Of the four stars which form the bowl of the Dipper, one 
is so small as hardly to be seen. They lie in a direction to- 
wards Gamma in Cepheus; but as they are continually 
changing their position in the heavens, tney may be much 
better traced out from the map, thaiP'rom description. 

Kochab is aoout 25^ distant from Benetnasch, and about 
24° from Dubhe, and hence forms with them a very nearly 
equilateral triangle. 

"The Lesser Bear 

Leads from the pole the lucid band : the stars 
Which form this constellation, &intly shine, 
Twice twelve in number ; only one beams forth 
Conspicuous in high splendour, named by Greece d|^ 
The Cynoaure ; by us the Polar Star." i 
History.— The pretailing opinion is, that Ursa Major and^rsa Minor are th« 
nymph Caliato and her son Areas, and that they were transformed into bear* 
by the enraged and imperious Juno, and afterwards translated \a heayen by the 
frvour of Jupiter, lest they might be destroyed bv the huntsmen. 

The Chinese claim that the emperor Hong-ti, the grandson of Noah, first dis- 
covered the polar star, and applied it to purposes of navigation. It is certain that 
it was used (or this purpose m a very remote period of antiquity. From various 
passages in the ancients^ it is manifest that the Phoenicians steered by Cynosuni, 
or the Lesser Bear ; whereas the mariners of Greece, and some other natioh% 
■teered by the Greater Bear, called Helice, or Helix. 

Lucan, a Latin poet, who flourished about the time of the birth of our Saviour, 
<bas adverts to the practice of steering vessels by Cynosura: — 
" Unstable Tyre nojv )cnit to firmer ground, 
With Sidon for her purple shells r^nown'd. 
Safe in the Cyno8ure their glittering guide ' 
With well-directed navies stem the tide." 

Rows' s Translation, B. iii. 
The following extracts from other poets contain allusions to the same Act:—, 
" Phoenicia, spuming Asia's bounding strand, 
By the bright Pole atar^a steady radiance led, 
Bade to the winds her daring sails expand, 
X And fearless ploughed old Ocean's stormy bed." 

Mauricb'b Elegy on Sir W. Jonea. 
*'Te radiant si^s, w)io firom the etherial plain 
JSfidoniana guide, and Greeks upon the main, 
Who from your poles all earthly things explore, 
And never set beneath the western shore." 
^ Ovid's Tristia. 

Row vaj Kochab be easily known? What are the position and name of the two 
tatghtastofthese? When are they on the meridian i How is Kochab situated witli 
mpeotlB Btnetnasoh and Dubhti 
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<*Of an yon muHitaae of golden fltens 
Which the wide roonding; sphere incessaot bean. 
The cautious mariner relies on none, 
But keeps him to the constant pole alone." 

LucAM's Pharsalia, B. viu. ▼. VOB. 
Ursa Major and Ursa Mmor. are sometimes called TVaoMes, and aometimeatiM 
Greater and Lesser Wains. In Pennington's Memoirs of the leaixM4 Mn. dr- 
ier, we have the following beautiful lines :— ^ 

** Here, Cassiopeia fillfl a lucid throng . 
There, blaze the splendours of the Northern Cxwtra* 
While the slow Car, the cold Triones roll 
O'er the pale countries ofthe frosen pole : 
Whose futhful beams conduct the wand'ring iMp 
Through the wide desert ofthe pathless deep." 
Tbales, an eminent geometrician and astronomer, and one of the sereil wise 
men of Greece, who flourished six hundred years before the Christian era, is 
generally reputed to bd the inventor of this constellation, and tchave taugtit the 
use of it to the Phoonician navipitors ; U is certain that ho brouj^ht the knowle*^ 
of it with him from Phceuice mto Greece, with many other dMCOveriee both m 
astronomy and mathemalrcs. 

Vhtil the properties ofthe magbet were known and appUed to the ose of nscvi- 
gatiott, and for a long time after, the north, polar star was the only sore guide. 
At what time the attractive powers of the magnet were first known, is not cei^ 
lain ; they were known in Europe about six hundred years before the Christian 

era ; and by the Chinese records, it is said that iu polar attraction was 1 *- 

that country at least one thousand years earlier. 



CHAPTER IX. 

DIRECTIONS rOR TRACING THE CONSTELLATIONS WHICB ABS Olf 
THE MERIDIAN IN JULY. 

SCORPIO. 

The Scorpion. — This is the eighth sign, and ninth constel- 
lation, in the order of the Zodiac. It presents one of the moat 
interesting groups of stars for the pupil to trace out that is to 
be found in tha southern hemisphere. It is situated south- 
ward and eastward of Libra, and is on the mefidian the 10th 
of July. 

The sun enters this signon the 23d of October, but does not reach the eonefsOA* 
tion before the 20tli of November. When astronomy was first cultivated in the 
East, the two solstices and the two equinoxes took place when the sun wae in 
Aquarius and Leo, Taurus and Scorpio, respectively. 

^ . Scorpio contains, according; to Flamsted, forty-four stars, 
including one of the 1st magnitude, one of the 2d, and eteTea 
of the 3d. It is readily distinguished from all others by the 
peculiar lustre and the position of its principal stars. 
lAntareSy is the principal star, and is situated in the heatt 

, What Is the position of Scorpio, among the signs and constellations of the zn^pf 
How is it situated wia respect ts Libra, and when Is It on our meridian? ^whalfcg 
the number and magnitude of its stars? How Is It rsadHy dlsUnsnlabed fiMn as 
others ? %peribe the Principal star bi this eonstellaUon ? 
^^ 10 
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of the Scorpion, about 19^ east of Zubenelgubi, the southern- 
most star in the Balance. . Antares is the most brilliant star 
in that region of the skies, and may be otherwise distinguish- 
ed by its remarkahly red appearance^ Its declination is about 
26^ S.' It comes to the meridian ' about three hours after 
Spica Virginia or fifty minutes after Corona Borealis, on the 
10th of July. . It is one of the stars from which the moon's 
distance is rccTconed for computing the longitude at sea. ' 

There are four great stars in the heavens, Pomalhautf Aldebaran, RtgulvM^ 
and Antares^ which formerly answered to the solstitial and equinoctial Doints : 
•ltd which were much noticed by the astronomers of the £ast 



About 81° northwest of Antares, is a star of the 2d mag- 
nitude, in the head of the Scorpion, called Graffias, It is but 
one degree north of the earth's orbit. It may oe recognised 
by means of a small star, situated about a degree northeast 
of it, and also by its forming a slight curv^e with two other 
stars of the 3d magnitude, situated below it, each about 3° 
apart. The broad part of the constellation near Graffias, is 
powdered with numerous small stars, converging down to a 
point at Antares, and resembling in figure a boy's kite. 

As you proceed from Antares, there are ten conspicuous 
stars, chiefly of the 3d magnitude, which mark the tail of the 
kite, extendmg down, first in a south, southeasterly direction, 
about 17°, thence easterly about 8° further, when they turn, 
and advance about 8® towards the north, forming a curve like 
a shepherd's crook, or the bottom part of the letter S. This 
crooked line of stars, forming the tail of the Scorpion, is very 
conspicuous, and may be easily traced. 

.The first star below Antares, which is the last in the baclc, is of only the 4th 
magnitude. It ia about 2° southeast of Antares, and is denoted by the Greek 
name of T. 

Upnlon. 6f the 3d magnitude, is the second star from Antares, and the first i 



the tail. It is situated about 7^ below the star T, but inclining a little to the east 

Jlfi^ of the 3d magnitude, is the third star from Antares. It is situated 4^^ be* 
low E^siion. It may otlierwise be known by means of a small star close by it, 
on the left 

Zeta, of about the same magnitude, and situated about as far below Mu, is the 
fourth star from Antares. Here the line turns suddenly to the east./ 

Eta. also of the 3d magnitude, is the fifth star from Antares, and about ^^ 
•astofZeta. 

Theta, of the same magm'tude, is the sixth star from Antares, and about 4^^ 
cast of Eta. Here, the line turns again, curving to the north, and terminates m 
a couple of stars. 

lotci is the seventh star from Antares, 3Jo above Theta, curving a little to the 
left It is a star of the 3d magnitude, and may be known by means of a smaB 
star, almost touching it, on the east 

Kappoy a star of equal brightness, is leas than 2° above Iota, and a little to the 
ijght 

How Is Antares otherwise distinguished ? What is its declination? What is the 
tmie of its passiniir the meridian / What nautical importance is attached to its position? 
Describe Graffias? How may it be recognised? What is the appearance of the constel- 
lation between tintfflas and Antares? How many conspicuous stars below Antares 1 
what are their niagnltuM%hd general direction? Describe thejlret star belmo An- 
Utret. Describe the secamd star below Antares. Describe the third star, and teU how 
Umavbeknoum. Deseribe the fourth. Describe the J^fth. Describe Theta. Describe 
Iota. Deseribf Kappa. 
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y Leauthj of the 3d magnitude, is the brightest of the two l^t in {he taU, and !■ 
situated about 3^ above Kappa, stiU further to the right It may readily h« 
known by means of a smaller star, close by it, on the west. 

This is a very beautiful group of stai^, and easily tiaced 
out in the heavens. It furnishes striking ei^enep ot the fa- 
cilitv with which most of the constellations may be so accu- 
rately delineated, as to preclude every thing like uncertainty 
in the knowledge of theu: relative situation. 

"The heart with lustre of amazing force. 

Refulgent vibrates ; faint the other parts, 

And ill-defined by stars of meaner note." 
HoBTOBT.— This sign was anciently represented by ▼arioos symbols, sometime* 
by a snake, and sometimes by a crocodile ; but most commonly by the scorpion. 
This last symbol is found on the Mithraic monuments, which is pretty good evi- 
dence that these monuments were constructed when Uie vernal equinox second 
ed with Taurus. 

On both the zodiacs of Dendcra, there are rude delineations of this aniiAal; 
that on the portico differs considerably from that on the other zodiac, now in 
the louvre. 

Scorpio was considered by the ancient astrologers as a sign accursed. The 
Egyptians fixed the entrance of the sun into Scorpio as the commeneement of 
the reign of Typhon. when the Greeks fabled the death of Orion. Y^hen the sun 
was in Scorpio, in the month of AthyVf as Plutarch informs us, the Egyptians 
enclosed the body of their god Osiiis in an or^, or chest, and during this cere- 
mony a great annual festival was celebrated. Three days after the priests 
had enclosed Osiris in the ark, tbey pretended to have found him again. The 
deaih of Osiris, then, was lamented when the sim in ScorjAo descended to the 
lower hemisphere, and when he arose at the vernal equinox, then Osiris was 
said to be bom anew. 

The E^ptians or Chaldeans, who first arranged the Zodiac, might have placed 
Scorpio in this part nf the heavens to denote that when the sun enters this sign, 
the diseases incident to the fruit season would prevul ; since Autumn, which 
abounded in fruit, often brought with it a great variety of diseases, and might be 
thus fitly represented by that venomous animal, the scorpion, who, as he re- 
cedes, wounds with a sting in his taiL 

Mars was the tutelary deity of the scorpion, and to this circumstance is owing 
an that jargon of the astrologers, who say that there is a great analogy between 
the malign influence of the piaaet Mars, and this sign. To this also is owing the 
doctrine of the alchymists, that iron, which metal they call Mars, is under the 
dominion of Scorpio ; so that the transmutation of it into gold can be effected 
only when the sun is in this sign. 

The constellation of the Scorpion is very ancient. Ovid thus menttons it in his 
beautiful fable of Phaeton : — 

" There is a place above, where Scorpio bent, 

In tail and arms surrounds a vast extent ; 

In a wide circuit of the heavens he shines^ 

And fills the place of two celestial signs.'* 
According to Ovid this is the famous scorpion which sprang ont of the earth 
at the command of Juno, and stung Orion ; of which wound he died. It was in 
this way the imperious goddess chose to punish the vanity of the hero and the 
hunter, for boasting that there was not on earth any animal which he could not 
conqaer. 

"Words that provok'd the gods once from him fell, 

•No beasts so fierce,' ssid he, ' but 1 can quell j^ 

When lo ! the earth a baleful scorpion sent. 

To kill Latona was the dire intent ; 

Orion saved her, tho' himself was slain, 

But did for that a spacious place obtain 

In heaven : ' to thee my Hft^' said she, '<«i» dear^ 

And/or thy merit shine ultistrioua there.* " _^_^_ 

Ducrib$ LenUh, 
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Although holh Orion and Bcorpio vi9te honoured by the celestials with a 
place among the stars, yet their situations were so ordered <hat when one rose 
«the other should set, and via versa; so Qiat they never appear m the same 
hemisphere at Hie same time. 

In the Hebrew zodiac this sign is allotted to Dan. because it is written, " Dan 
shall be a serpent by tho way, an adder in the p^Uh." 



HERCULES. 

Hercules is represented on the map invested with the skin 
of the Nemsean Lion, holding a massy club in his right hand, 
and the three-headed dog Cerberus in his left. ' 

H^ occupies a large space in the northern hemisphere, 
■^ith one foot resting on the head of Draco, on the north, and 
his head nearly touching that of Ophiuchus, on the south.' 
This constellation extends from 12° to 50° north declination, ' 
and its mean right ascension is 255° i consequently^ its centre 
U on the meridian about the 2Ist of Julv. * 

It is bounded by Draco on the nortn, Lyra on the east, 
Ophiuehus ^r the Serpent-Bearer on the south, and the Ser- 
pent and the Crown on the west. 

It contains one hundred and thirteen stars, including 'one 
of the 2dj or of between the 2d and 3d magnitude, nine of the 
3d magnitude, and nineteen of the 4thrf jThe principal stai 
is Baa Algethi, is situated in the head, abouC 25° southeasi 
of Corona Borealis. It may be readily known by means oi 
another "bright star 6f equal magnitude, 5° east, southeast ot 
it called Ras Alhague. Ras Alhague marks the head of 
Ophiuchus, and Ras Algethi that of Hercules. These two 
stars are always seen together, like the bright pairs in Aries, 
Gremini, th% Little Dog, &c. They come to our meridian 
about the 28th of July, near where the sun does, the last of 
April, or the .middle ot August. 

''About midway between Ras Algethi on the southeast, and Ariadne's Crown 
on the northwest, may be seen Beta and Gamma, two stars of the 3d magnitude, 
situated in the west, shoulder, about 3^ apart. The northernmost of these two 
is called Rutilicua. 

Those four stars in th^ shiqie of a diamond, 8° or lO^ southwest of the two 
in the shoulder of IIercu«,-te« situated in the head of the serpent. \ 

About 120 E, N. E. of Rutillcus, and lOJ" directly north of Ras Algethi, are 
two Stars of the 4th magnitude, in the east shoulder. They may be known by 
two very minute stars a litUe above them on the left. The two stars in each 
shoulder of Heicules, with Ras Altfethi in the head, form a regular triangles 

The 1^ or east arm of Hercules, which grasps the triple-headed monster 
Cerberus, may be traced by m eans of three or four stars oi the 4th magnitude, 

How is the constellation Hercules represented? Wiiat space docs it occiipy, and 
what is its situation in the IFeavens? Wbat are its declination and riffht ascension? 
when Is its centre on the raeridian? How is it bounded? What are the number and 
m:t?nitude of lU stars) Describe the principal star. Wbat do Ras Algethi and Ras 
Alhague serve to mark J When are they on our meridian? Describe the siiua- 
Hon qfBsta and Oanima, ^ What ia the northernmovt (^ these two called 7 What four 
tmt are Htuated 8° or 10° S. w. of the two in the shoulder ) Describe the stara 1m the 
emt shoulder. How may these be Jcnmon 7 What geometrical figure do the stars in 
^J«MlafNt«A0M«er«<2f HsrculM^nn? How may the kfi arm qf Hercules be tra- 
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■koated in fi row 3^ an(H^ apart, eztendtng^ from the shoulder, in a norfheaateily 
djjrectioiv / Th&t small cluster, 8ituated% a triangular form, about 14° nortbeaat 
of lUs Jfli^ly, and IS'^ east, Boutheafit of the left shoolder, distingoiah the i|)ead 
of Cerberus. ] 

} Eighteen of 20<=* northeast of the Crown, are four stars of thertd and 4th maf* 
Siitudes, foruiing an irregular square, of which the two southern ones are aboot 
4*^ apart, and in a line 6° or 7° south of the two northern ones, which are neariy 
7° apart. [ 

[Ply in tne northeast comer, mav be known by means of one or two other small 
Stars, close by it, on the east. / ,.£<7a, in the northwest comer, may be known by 
its being in a row with two smaller stars, extending towards tha northwest, and 
about 4° apart* Tlie stars of the 4th magnitude, just south of the Dragon's head, 
point out the left foot and a^Ie of Hercules. ' 

Several other stars, of the 3d and 4th magnitudes, may be traced out in this 
constellation, by reference to the map. 

History.— This constellation is intended to immortalize the name of Hercule% 
the llieban, so celebrated in antiquity for his heroic valour, and invincible 
prowess. According to the ancients, there were many persons of this name. Of 
all these, the son ofJupiter and Alcmena is the most celebrated, and to him th9 
actions of the others have been generally attributed. 

The birth of Hercules was attended with many miraculous events. He^vas 
brought up at TiryntJtius, or at Thebes, and before he had completed his eighth 
month, the jealousy of Juno, who was intent upon his destruction, sent twa 
snakes to devour him. Not terrified at the sight of the serpents, he boldly seized 
them, and squeezed them to death, while his brother Iphicles alarmed the house 
with his frightful shrieks. 

He was early instructed in the liberal arts, and soon became Ole pupil of the 
centaur Chiron, under whom he rendered himself the most valiant and accom- 
plished of all the heroes of antiquity. In the 18th year of his age^ he eem- 
menced his arduous and glorious pursuits. He subdued a lion that devoured 
the flocks of his supposed father, Amphitryon. After he had destroyed the lion, 
he delivered his country from the annual tribute of a hundred oxen, which it 
paid to Erginus. 

As Hercule.s, by the will ofJupiter, was subjected to the power of Eurystheus, 
and obliged to obey him in every respect, Eurystheus. jealous of his rising fame 
and power, ordered him to appear at Mycens, and perform the labours which, 
by priority of birth, he was empowered to impose upon him- Hercules refused, 
but afterwards consulted the oracle of Apollo, and was told that he must be sub- 
servient, for twelve years, to the will of Eurystheus, in compliance with the 
commands of Jupiter ; and that, after he had achieved the most celebrated lap 
bouFS, he should be reckoned in the number of the gods. So plain an answer 
determined liim to go to Mycenae, and to bear with fortitude whatever cods or 
men should impose upon hira. Eurystheus, seeing so great a man totaUy sub- 
iected to him, and apprehensive of so powerful an enemy, commanded him to 
achieve a number of enterprises the most difficult and arduous ever known, 
generally called the Twblvb Laboobs op Hsbcitlbs. Deing furnished with 
complete armour by the favour of Uie gods, he boldly encountered the imposed 
labours. 

1. He subdued the Nemsan Lion in his den, and invested himself with his 
akin. 

2. He destroyed the Lernean Hydra, with a huadred hissinr heads, snd dip- 
ped his arrows in the gall of the monster to render their woun«is incurable. 

3. He took alive the stag with golden horns and brazen feet, so famous for its 
incredible swiftness, after pursuing it for twelve months, and presented it, un- 
hurt, to Eurystheus. . 

4. He took alive the Erimanthian Boar, and killed the Centaurs who opposed 
him. 

6. He cleansed the stables of Augias, in which 3000 oxen had been eonfined 
for many years. 

6. He killed the camiverous birds which ravaged the country of Arcadia, and 
fed on human flesh. 

7. He took alive, and brought into Peloponnesus, the wild bull of Crete^ which. 
DO mortal durst look upon. ^^^ 

Ham ia the head of Cerbertu disttn^uiahed 7 There are four atarn Vn rAi. Vw o<'«i|" 
irregular aguare, to the body oT Hereulea-deaeribe them. J>eacriJ^t>€ Htf*,:<ionef 
Pi. DeteRUtheaUuationqfEta, What aiarapoM out th^i;ftJM<b*tl6»^m0f. 



114 PICTURE OP THE HEAVENS. fjULY. 

8l He obtaiBed for EorrstheiiR the mareB of Diomedett. which fed on homaii 
fl«9h, after having given their owner to tft first eaten by ttiem. 

d. fie obtained the girdle of the queen of the Amazons, a ibrmidable nation of 
warlike females. 

10. He killed the monster Geryon, king of Gades, and brought away his nxy 
uerotts flocks, which fed upon human flesh. 

11. He oiitained tlie golden apples irom the garden of the Hesperides, which 
wer% watched by a dragon. 

12. And finally, he brought np to the earth the three-headed dog Cerberus, the 
guardian of the entrance to the infernal regions. 

According to Dupuis, the twelve labours of Hercules are only a figurative rep- 
resentation of the annual course of the mtn through the twelve signs of the Zo- 
diac ; Hercules being put for the sun, inasmuch as it is the powerful planet which 
animates sad imparts fecundity to the universe, and whose divinity has been 
honoured^ in every quarter, by temples and altars, and consecrated in the reli- 
gious strains of all nations. 

Thus Virgil, in the eighth book of his .Sneid, records the deeds of Hercule% 
and celebrates his praise :— 

"The lay records the Iabour& and the praise, 

And all the inmiortal acts of Hercules. 

First, how the mighty babe, when swath'd in bands. 

The serpents strangled with his infant hands ; 

Theiijis in years and matchless force he grew, 

The GBchalian walls and Trojan overthrew ; 

Besides a thousand hazards they i*elate, ^ 

Procured by Juno's and Eurislheus' hate. 



Thy hands, unconquer'd hero, could subdue 
The cloud-born Centaurs, and the i 



} monster crew; 

Kor thy resistless arm the bull withstood ; 

Nor he, the roaring terrour of the wood. 

The triple porter of the Stygian seat 
^ With loUihk tongue lay fawning at thy feet. 

And, seized with fear, forsot the mangled meat 

The infernal waters trembled at thy sight : 

Thee, god, no face of danser could affright ; 

Nor huge TyphaeuSj nor the unnumber'd snake, 

Increased with hissmg heads, in Lema's lake." 
Besides these arduous labours which the jealousy of Eurystheus Imposed upon 
him, he also achieved others of his own accord, equally celebrated Before he 
delivered himself un to the king of Mycenae he accotimanied the Argonauts to 
Colchis. He assisted the gods in their wars against the giants, and it was through 
him alone that Jupiter obtained the victory. He conquered Laomedon, and pil- 
laged Troy. 

At three different times he experienced fits of insanity. In the second, he slew 
the brother of his beloved lole ; in the third he attempted to carxr away the sa- 
cred tripod from Apollo's temple at Delphi, for whicn the oracle told him he 
must be sold as a slave. He was sold accordingly to Omphale, queen of Lydia, 
who restored him to liberty, and married him. After this he returned to Pelo- 
ponnesus, and re-established on the throne of Sparta his friend Tyndarus, who 
had been expelled by Hippocoon. He became enamoured of Dejanira, whom, 
after having overcome all bis rivals, he married ; but was obliged to leave his 
&ther-in-Iaw's kingdom, because he had inadvertently killed a roan with a blow 
of his fist He retired to the court of Ceyx, king of Trachtna, and in his way was 
stopped by the streams of the Evenus, where lie slew the Centaur Nessus, for 



presuming to offer indisnity to his beloved Dejanira. Tlie Centaur, on expiring, 
gave to Defanira the celebrated timic which afterwards caused the death of Her- 
cules. "This tunic." said the expiring monster, " has the virtue to recall a hus- 



band from unlawful love." Dejanira, fearing lest Hercules should relapse again 
into love for the beautiful lole, gave him the fatal timic, which was so infected, 
with the poison of the I^msean Hydra, that he had no sooner invested himself 
with it, than it began to penetrate his bones, and to boil through aU his veins. 
U» attempted to pull it ofl^ but it was too late. 
** As the red iron hisses in the flood, 

So boils the venom in his curdlmg blood. 

Now with the greedy flame his entrails gtow,. 

▲Ad livid f we&ts down «U his body flow ; 
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The enckfng nerrea, buint up, are burst Id twain, 
The lurking TeDom melts his swimming brain." 
As the distempei- was incurable, he implored the protection of Jupiter, gave 
lii j bow and arrow to Thiloctetes, and erected a large burning pile on the top of 
Mount OSta. He spread on the pile the sicin of the Nemaean lion, and laid him< 
self down upon it, as on a bed, leaning his head upon his club. Philoctetes set 
fire to the pile, and the hero saw himself^ on a sadden, surrounded by the most 
appalling flames ; yet he did not betray any marks of fear or astonishmenL Jo- 

Siter saw him from heaven, and told the surrounding gods, who wouia have 
renched the pile with tears, while they entreated that ne would raise to tlui 
■kies the immortal part of a hero who had cleared the earth from so many moa' 
■ten and tyrants ; and thus the thunderer spake :— 
" Be all vour fears forborne : 
Th' CEtean fires do thou, great hero, scorn. 
Who vanquish'd all things shall subdue the flame. 
Ttiat part alone of gross maternal frame 
Fire shall devour ; while what from me he drew 
Shall live immortal, and its force subdue : 
TVtatf when he's dead, I'll raise to realms above ;— 
May all the powers the righteous act approve." 

UciiPs Met. Ub. iJfc 
Aceordingly, after the mortal part of Hercules was consumed, as the ancient 
poets aay, he was carried up to heaven in a chariot drawn by four horsei^ 
"Quem pater omnipotens inter cava nubila raptom, 
Qaadrijugo curru radiantibus intulit astris." 

" Almighty Jove 

In his swift car his honour'd offspring drove ; 
High o'er the hollow clouds the coursers fly, 
And lodge the hero in the starry sky." 

Ovid's Met. Ub. it v. 2ri. 



SERPENTARIUS, VEL OPHIUCHUS. 

The Serpent-Bearer is also called ^sculapius, or the 
rod of medicine. \He is represented as a man with a venera- 
ble beard, having "both hands clenched in the folds of a pro- 
digious serpent, which is writhing in his grasp. 

The constellation occupies a considerable space in the mid- 
heaven, directly south of Hercules, and west of Taurus Po- 
niatowski. ilts centre is very nearly over the equator, oppo- 
site to Orion, and comes to tne meridian the 26th of July. " It 
contains seventy-fotir stars, including one of the 2d magni 
tude, five of the 3d, and ten of the 4th. 

The principal star in Serpentarius is called Ras Alhague, 
It h of the 2d magnitude, and situated in the head, about 5^ 
j:. S. E. of Ras Algethi, in the head of Hercules. Ras Al- 
hague is nearly 13° N. of the equinoctial, while Bho, in the 
southern foot, is about 25° south of the equinoctial. These 
two stars serve to point out the extent of the constellation 
from north to south: Ras Alhague comes to the meridian on 
the 28th of July, about 21 minutes after Ras Algethi. 

How is the constellation Serpentarius represented? What is its extent, and where 
Is It situated? When is its centre en the meridian? What ate the number and mag- 
nllude of its stars ? What are the name and position of its princiral star ? What two 
■tars mark the extremes of the constellaUon, north and south? Whan Is Ras Alhague 
on the meriilian? 
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About 10^ B. W. of Has Alhague are two Bmall starg of the 4th magnitude, 
scarcely more than a degree apart They distinguish the left or west shoulder. 
The northern one is marked lotet, and the other Kappa. 

Eleven or twelve degrees S.€t. £. of Ras Alhague are two other stars of the 3d 
magnitude, in the east shoulder, anUahout20 a|[)an. ^'he upper one is called 
Chelebf and the lower one Gamma. fThese stars in the head and shoulders of 
Berpentarius, form a triangle, with the vertex in Ras Alhague, and poiutiog to< 
wards the northeast. 

About 4° E. of Gamma, is a remarkable cluster of four or 
five stars, in the form of the letter V, with the open pait to 
the north. It very much resembles the Hyades.j , This beau- 
tiful little group marks the face of Taurus Poniatowski. iThe 
solstitial colure passes through the equinoctial about 2^ E. of 
the lower -star in the vertex of the V; The letter name of this 
star is k, i There is something remarkable in its central posi- 
tion. It is situated almost exactly in the mid-heavens, being 
nearly equidistant from the poles, and midway between the 
vernal and autumnal equinoxes. It is, however, about one 
and a third degrees nearer the north than the south pole, and 
about two degrees nearer the autumnal than the vernal equi- 
nox, being about two degrees west of the solstitial colure. \ 

Directly south of the V, at the distance of about 12°, are two very small stars, 
about 2° afKurt, situated in the right hand, where it grasps the serpent! / About 
halfway between, and nearly in a line with, the two in the hand and the two in 
the shoulder, is another star of the 3d magnitude, marked Zeta^ situated in the 
Berpent, opposite the right elbow. It may be known by means of a minute star, 
j^st under it. 

t JiifjaraiCi in the left arm, is a star of the 4th magnitude, about 10° S. W. of Iota 
and (Jappa. About 7° farther in the same direction are two stars of the 3d mag • 
nitude, situated in the hand, and a httle more than a degree apart. The upper 
one of the two, which is about 16° N. of Graffias in Scorpio, is 'called Yed ; the 
other is marked Epsilon. Tliese two stars mark the other point in the folds of 
the monster where it is grasped by Berpentarius. 

The left arm of Berpentarius may be easily traced by means of the two stars 
in the shoulder, the one (Marsic) near the ^bow, and the two in the hand ; all 
lying nearly in a line N. N. E. and S. B. W. In the same manner mav the right 
arm be traced, by stars very similarly situated ; that is to say, first oy the two 
m the east shoulder, just west of the V, thence 8° in a southerly direction in- 
clining a little to the east, by Zeta, (known by a little star right under it,]ji and then 
by the two small ones in the right hand, situated about 6° below Zeta.* 
■ About 12° from Antares, in an easterly direction, are two stars in the right 
fbot, about 2° apart. The largest and lower of the two, is on the lefthand. It is 
of between the 3d and 4th magnitudes, and (narked RhOf There are several other 
stars in this constellation of me 3d and 4th magnitudes. They may be traeedoat 
from the maps. 

"Thee, Berpentarius, we behold distinct, 

With seventy-four refulgent stars j and one • 

Graces thy helmet, of the second class: 

The Serpen^ in thy hand iprasp'd, winds his spire 

Immense ; fewer by ten his figure trace ; 

Describe the stars in the toM? shoulder of Berpentarius. l^at stars distinguish tM 
east shoulder 7 How are thes'e tu>o stars denominated 1 What is the relative position 
of the stars in the head and shoulders ? What remarkable cluster of stars in this 
neighbourhood? To what constellation does this group belong? How Is this cluster 
situated with respect tMhAsplstitial colure? What is remarkable in the central posi- 
tion of Kappa) DescrfbeH^ stars in the ri^ht hand nf Serpentarius. Describe the 
tUuation qf Zeta. De.icribe Marsie, and the two stars in the lift hand. Which oT th4 
two is called Yed, and how is it situated ? Hoto may the left arm of Smpentarias^ 
traced ? How may the right arm be traced 7 Describe the stars in the right fbot V 
Serpenfarius. whtu other stars may be traced out In (Me eonsteltatUfn 7 
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One of the second rank ; ten shtm the sight ; 

And seTen, he who bears the monster MaeB."'—Eudo&ia. 
HiBTORT.— Tins constellation -was known to the aaeients twelve hnndred jmxm 
before the Christian era. Homer mentions it. It a thus referretfto in the A** 
trunomicon of Manilius : — 

''Next, Ophiuchas, strides the mighty snake^ 

Untwists his winding folds, and smooths his oack, 

Exiends his bulk, and o'er the slippery scale 

Bis wide-stretch'd hands on either side prevaiL 

Tlie snake turns back his head, and teems to race : 

That war must latt where equal power prevails." 

JEsculapius was the son of Apollo, by Coronis. and was educated by Chiron 

the Centaur, in the art of medicine, In which he became so skilful, that he was 

considered the inventor and god of medicine. At the birth of iEsculapius, the 

inspired daughter of Chiron uttered^ " in sounding verse," this prophetic strain : 

^'Hail, great phyvician of the world, all hail ! 

HaiL mightv in&nt, who, in years to come. 

Shall heal the nations and defraud the tomb ! 

Swill be thv growth ! thy triumphs unconfined 1 

Make kingdoms thicker, and increase mankind : 

Thy daring art shall animate the dead, 

And draw the thunder on thy gnilty head : 

Then shalt thou die, but from the dark abode 

Rise up victorious, and be tHrice a god." 
He accompanied the Argonauts to Colchis, in the capacity of physician. Ha 
is SMd to have restored many to hfe, insomuch that Pluto complained to Jupiter, 
that his dark dominion was in danger of being depopulated by his art. 

JEsculapius was worshipped at Epidanrus, a city of Peloponnesus, andlienca 
he is styled by Milton, " the god in Epidaurus." Being sent for to Rome in the 
time of a plague, he assumed the form of a serpent and accompanied the ambas* 
sadors, but though thus changed, he was iBscuIapius still, in serpente deus^-^ 
the deity in a serpent, and under that form he continued to be worshipped at 
Rome. The cock and the serpent were racred to him, e^ecially the latter. 
The ancient physicians used them in their prescripti«ms. 

One of tlie last acts of Socrates, who is accounted the wisest and best man of 
Pagan antiquity, was to offer a cock to ^sculapins. He, and Plato, were both 
Idolaters ; they conformed, and advised others to conform, to the religion of their 
country ; to cross idolatry and absurd superstition. If the wisest and must leam> 
ed were so blind, what must the foolish and ignorant have beenl 



CHAPTER X. 

DnuscnoNs for tracing tbe constellations which are dK 

THE meridian IN AUGUST. 

DRACO. 

The Dragon. — This constellation, which compasses a 
lar^e cii;cuit in the polar regions by its ample folds and con- 
tortions,] contains many stars whicn may be easily traced. 
' From the head, of the monster^ which is under the foot of 
Hercules, there is a complete coil tending leastwardly, about 
17° N. of Lyra ; thence he winds down northerly about 14° 

What is the situation of the constellallon Diaco? Describe* if you please, the van- 
QOM coils of the Dragon. 
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to the second coil, where he reaches almost to the girdle of 
Cepheus, then he loopp down somewhat in the shape of the 
letter U, sftid makes a third coil about 15° below the first. 
From the third coil he holds a westerly course for about 13°, 
then goes directly down, passing between the head of the 
Lessw and the tail of the Greater Bear. 

i^This constellation contains eighty stars, including four of 
the 2d magnitude, seven of the 3d, and twelve of the 4th., 



"The Dragon next winds like a mighty stream; 
Within its ample folds are eighty stars, 
Four of the second order. Far he waves 



Within its ample folds are eighty stars, 
Four of the second order. Far he wave 
His ample spires, involving either Bear." 

The head of the Dragon is readily distinguished by means 
of four stars, 3°, 4°, and 5° apart, so situated as to form an 
irregular square ; the two upper ones being the brightest, and 
both of the 2d magnitude." The righthand upper one, called 
Etanin, has been rendered very noted in naodern astronomy 
from its connexion with the discovery of a new law in phys- 
ical science, called the Aberration of Light. ' 

The letter name of this star is Gamma, or pfamma Draco- 
fds; and by this appellation it is most frequently called. The 
other bright star, about 4° from it on the left, is Bastahen. 

About 4° W. of Rastaben, a small star may, with close at- 
tention, be discerned in the nose of the Dragon, which, with 
the irregular square before mentioned, makes a figure some- 
what resembling an Italic F, with the point towards the west, 
and the open part towards the east. The small star in the 
nose, is called Er Bakis, 

The two small stars 5° or 6*^ 8. of Rastaben are in the left foot of Hercules. 
Rastaben is on the meridian nearly at the same moment 
with Ras Alhague,' Etanin, 40° N. of it, is on the meridian 
about the 4th of August, at the same time with the three 
western stars in the face of Taurus Poniatowski, or the V. It 
is situated less than 2° west of the solstitial colure, and is 
exactly in the zenith of London. Its favourable position has 
led English astronomers to watch its appearance, for long 
periods, with the most exact and unwearied scrutiny. • 



.In the year 1725, Mr. Molyneux and Dr. Bradley fitted up a very accurate and 
mostly instrument, in order to discover whether the fixed stars had any sensible 
parallax, while the earth moved from one ejoremity of its orbit to the other ; or 



which is the same, to determine whether the nearest fixed stars are situated at 
such an immense distance from the earth, that any star which is seen this night 
directly north of us, will, six months hence, wheu we shall have gone 190 mill- 



What is the course of the monster ftt)m the third colli What are the number and 
magnitude of the stars contained in this constellation? How is the bead of the Dragon 
distinguished 1 Which suir is called Etanin, and for what is it noted? By what other 
appellation is it gene Ally known? What stars in the head of Draco f<^ the letter F, 
and how is it situated? WJien is Rastaben on the meridian? When is Etanin on tho 
meridian, and what stars in this region culminate at the same time? How IsRaatabeK 
situated with respect to the solstitial colure, and the zenith of LoudozL 
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Ions of miles to the eastward of the place we are now in, be then seen exactlr 
north of us still, without changing its position so much as the thickness of a sfn' 
der's web. 

These observations were subsequently repeated, with but littlf intermission, 
for twenty years, by the most acute observers in Europe, and With telescopes 
varying from 12 feet to 36 feet in length. In the meantime, Dr. Bradley had the 
honour of announcing to ttie world the very nice discovery, tliat the motion of 
light, combined toilh the progressive motion of the earth in its orbit, causes the 
heavenly bodies to be seen in a different position from what they tooted be, if 
the eye were at rest. Thus was established the principle of the Aberration of 
Light. 

This principle, or law, now that it is ascertained, seems not only very plain, 
but sell-evident. For if light be progressive, the position of the telescope, in order 
to receive the ray, must be difterent from what it would have been, if light had 
been instantaneous, or if the earth stood still. Hence the place to which the tel- 
escope is directed, will be different from the true place or the object. 

Tlie quantity of this aberration is determined by a simple proposition. The 
earth describes 59' 8" of her orbit in a day —3548", and a ray of light comes 
from the sun to us in 8' 13"= 493" : now ^ hours or SWOO" : 493" : : 3t>48" : 
22" ; which is the change in the star's place, arising from the cause abovemen* 
tioned. 

' Of the four stars formmg tne irreffular square m the head, the lower and right- 
liand one is 5^° N. of Etanin. It is called Grumium, and is of the 3d magnitude. 
A lew degrees E. of the square, may be seen, with a little care, eight stars of the 
6th magnitude, and one of the 4th, which is marlced Omicron^ and lies 8° E. of 
Orumium. This group is in the first coil of the Dragon.^ 
j The second coil" is about 13° below the first, and may Be recognised by means 
<5f four stars of the 3d and 4th magnitudes, so situated as to form a small square, 

f>out half the size of that in the head./ 
The brightest of them is on the left, Vnd is marked Delta. A line drawn from 
Hastaben through Grumium, and produced about 14°, wiU point it out. A line 
drawn frpm Lyra through Zi Draconi.s, and produced 10° further, will p<Hnt out 
Zeta, a star of the 3d magnitude, situated in the third coil. 'Zeta may other\vise 
be known, by its being nearly in a line with, and midway between, Etanin and 
Kochab.' From Zeta- the remaining stars in this constellation are easily traced. 
I Eta, Theta, and Asichjcome next ; all stars of the 3d magnitude, and at the 
distance, severally, of 6°, 4°, and 5° from Zeta. At Asich, the third star from 
Zeta, the tail, of the Dragon makes a sudden crook. . Thuban, Kappa, and Cfian- 
taryfoXLovi neid, and complete the tail. 

. T^huban^ is a bright star of the 2d magnitude, 11° fnom 
Asich, in a line with, and about midway between, Mizar and 
the southernmost guard in the Little Bear. .By nautical men 
this star is called the Dragon^s Tail^ and is considered of 
much importance at sea. It is otherwise celebrated as being 
formerly the north polar star. About 2,300 years before the 
Christian era, Thuban was ten times nearer the true pole of 
the heavens than Cynosura now is. 

. Kappa is a star of the 3d magnitude, 10° from Alpha, between Megrez and ttie 
fole. Mizar and Megrez, in the tail of the Great Bear, form, with Thuban and 
Kappa,* in the tail of ttie Dragon, a large quadrilateral figure, whose loiurest side 
^^ from Megrez to Kappa. 

Giansar, the last star in the tail, is between the 3d and 4tA magnitudes, and 6^ 
from Kappa. The two pointers will also point out Giansar, lying at the distance 
of little more than 8° from them, and in the direction of the pole. 

Describe the stars in the Jlr»t coil qf Draco. Describe the stars in the second coik 
What is the brightest of this group c(filed, and hoto may it be pointed out 1 What is 
the principal star qf the third coil, and hoto may it be found 1 Boto ehe may Zeta he 
known ? What stars come next to Zeta, in this consteUation- ? What stars foUonjo 
these 7 Descril>e Thuban. By what other name is this star known, and for whut is It 



Uia^obUeiout. 
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"Here the vast Dragon twines 
Between tbe Bears, and like a riyer winds, 
The Bears, that still with fearful caution keep, 
Untinged beneath the sur&ce of the deep." 

Warton'a VirgU, G. i. 

History.— Whoever attends to the »taation of Draco, sufrounding, as it does, 
the pole of the Ecliptic, will perceive that its tortuous windings are symbolical 
of the oblique course of the stars. Draco also winds round the pole of the world, 
as if toindicate, iia the symbolical language of Esyptian astronomy, the motion 
of the pole of the'tJquator around the pole of the Ecliptic, produced by the pre- 
cession of the heavens. The Egyptian hyeroglyphic for the heavens, was a 
aerpent^ whose scales denoted the stars. When astronomy first begtuoi lo be cul- 
tivated m Chaidea, Draco was the poUir constellation. 

Mythologists, however, give various accounts of this constellation ; by some 
it is represented as the watchful dragon which guarded the golden apples in the 
famous garden of the Hesperides,* near Mount Atlas in Africa ; and was slain by 
Hercules. Juno, who presented these apples to Jupiter on the day of their nup- 
tials, took Draco up to heavetl, and made a constellation of him, as a reward ror 
his faithful services. Others maintain, that in the war with the giants, this dragon 
was brought into combat, and opposed to Minerva, who seized it in her hand, and 
hurled it, twisted as it was, into the heavens round the axis of the world, before 
it had time to unwind its contortions, where it sleeps to this day. Other writers 
of antiquity say, that this is the dragon killed by Cfadmus, who was ordered by 
nis lather to go in quest of his sister Europe, whom Jupiter had ccjrried away 
aiici never to return to Phoenicia without her. 

« When now Agenor had his daughter lost, 
He sent his son to search on every coast ; 
And sternly bade him to his arms restore 
The darling maid, or see his face no more." 
His search, however, proving fruitless, he consulted the oracle of Apollo, and 
was ordered to build a city where he should see a heifer stop in the grass, and 
to call the country Boeotia. He saw the heifer according to the oracle, and as he 
wished to render thanks to the god by a sacrifice, he sent his compani^gj to 
fetch water from a neighbouring grove. The waters were sacred to Mars, and 

Sarded by a most terrific dragon, who devoured all the messengers. Cadmus, 
ed of their seeming delay, went to the place, and taw the monster still feeding 
on their flesh. 

"Deep in the dreary den, conceal'd from day, 
Sacred to Mars, a mighty dragon lay, 
Bloated with poison to a monstrous size ; 
Fire broke in flashes when he glanced his eyes : 

* Those who attempt to explain the mythology of the ancient<=', dbserve that the Hes- 
perides were certain persons who bad an immense number of flocks ; and that the 
ambiguous Greek word /jcmkov., melon, which sometimes signifies an apple and some- 
times a sheep, gave rise to the fable of the golden apple of these gardens. 

The " Hesperian gardens famed of crtA," as Milton observes, were so called from 
BesperuH Vesper, because placed in the west, under the evening star. Some suppose 
them to have been situated near Mount Atlas, in AfMca; others maintain that they 
were the isles about Cape Veid, whose most westerly point is still called HespeHtun 
S^"u, the Horn of the Hesperides ; while others contend, that they were the Canary 

Atlasi said to have been contemporary with Moses, was king of Mauritania, in the 
north part of Africa, and owner of a thousand flocks of every kind. For reflising hos- 
pitality to Perseus, h^ was changed into tbe mountain that still bears his name ; and 
which is so high, that the ancients Imagined that the heavens rested upon its summlL 
and, consequently, that Atlas supported the world on his shoulders. Virgil has this 
idea, where he speaks of " Atlas, whose brawny back supports the skies ;" and Ho- 
Blod, verse 785, advances the same notion :— 

"Atlas, so hard necessity ordains. 
Erect, the ponderous vault of stars sustains. 
Not far from the Hesperides he stands, . 
Nor ftom the load retracts his head or hands." 
Prom this very ancient and whimsical notion, Atlas is represented by arUsts, <u^ /p 
works of mythology, as an old man hearing the world on his shoulders. Hence u u* 
that a collection ofmaps, embracing the whole world, is called an 4(Uu* 
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His towering crest was glorious to behold, 

His shooldera and his sides were scaled with gold; 

Three tongues he bran^isli'd when he charged his fbes; 

His teeth stood jaggr ia three dreadful rows. 

The Tyrians in the den for water sought. 

And with their urns explored the hollow vault : 

From side to side their empty urns rebound, 

And rouse the sleeping serpent with their sountf. 

Btraight he bestirs nim, and is seen to rise ; 

And now with dreadful hissings fills the skies, 

And darts his forky tongues, and rolls his glaring tfea» 

The Tyrians drop their vessels in the fright, 

All pale and trembling at the hideous sight. 

Bpire al}ove spire uprear'd in air he stood, 

And gazing round him, overlook'd the wood: 

Then floating on the ground in circles roU'd; 

Then leap'd upon them in a mighty fold. 

AH their endeavours and their hopes are vain ; 

Some die entangled in the winding train ; 

Some are devour'd, or feel a loathsome death, 

Swoll'n up with blasts of pestilsntial breath. " 
Cadmus, beholding such a scene, boldly resolved to avenge, tfr to share tnetr 
{kte. He therefore attacked the monster with slings and arrows, and, with UM 
assistance of Minerva, slew him. He then plucked out his teeth, and sowmI 
them, at the command of Pallas, in a plain, when they suddenly sprung up into 
armed men. 

*' Pallas adest: moteeque jubet supponero twrm 

Viperos dentes, populi increments futuri. 

Parct : et, ut presso sulcum patefecit aratro, 

Bpargit humi jussos, mortalia semina dentes. 

Ihde (fide maj'us) glebs capere moveri : 

Primaque de sulcis acies apparuit hasts 

Tegmina moz capituro picto nutantta cono . 

Existunt : crescitque seges clypeata virorum." 

Ovid's Met. Ub. iU. ▼. MBL 
"He sows the teeth at Pallas's command, 

And flings the future people from his hand. 

The clods grow warm, and crumble where he BOWi; 

And now the pointed spears advance in rows ; 

Now nodding plumes appear, and shinine crests, 

Now the broad shoulders and the rising breasts; 

O'er all the field the breathing harvest swarms, 

A growing host ! a crop of men and arms !" 

Entertaining worse apprehension from the direful offspring than he had done 
from the dragon himself, he was about to fly, when they all fell upon each other, 
and were all f^lain in one promiscuous carnage, except five, who assisted Cadmus 
to build the city of Boeotia. 



LYRA. 



The Habp. — This constellation is distinguished by ope of 
the most brilliant stars in the northern hemisphere. It is sit- 
uated directly south of the first coil of Draco, between the 
Swan, on the east, and Hercules, on the west ; and when on 
the meridian, is almost directly over head. 

It contains twenty-one stars, including one of the 1st mag- 
nitude, two of the 3d, and as many of the 4th. 

By what Is the constellaUon of the Harp distinguished ? Where is !t situatedi What 
are the number and magnitude of its stars i 

11 
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"There ^roj for the brightness of her stars, 
More than their number eminent ; thrice seven 
She counts, and one of these illuminates 
■ The heavens far around, blazing imperia* 
In the firai order." 

This star, of " the first order, blazing with imperial" lustre, 
is called Vega, and sometimes Wega; but more frequently 
it is called I/yra, after the name of the constellation. 

There is no possibility of mistaking this star for any other. 
It is situated 14J° S. E. of Etanin, and about 30° N. N. E. of 
Ras Alhague and Ras Algethi. It may be certainly known 
by means of two small, yet conspicuous stars, of the 5th mag- 
nitude, situated about 2° aj)art, on the east of it, and making 
with it a beautiful little triangle, with the angular point at 
Lyra. 

The northernmost of these two small stars is marked Epsiloii, and the south- 
cm one, Zc/cl About QP S. E. of Zeta, and in a line with Lyra, is a star of the 
4th magnitude, marked DeltOy in the middle of the Harj) ; and 4° or 5° S. of 
Delta, are two stars of the 3d magnitude, about 2° apart, in the garland of the 
%arp, forming another triangle, whose vertex is in Delta. The star on the east, 
i^ marked Gamma ; that on the west, Beta. If a line be drawn from Etanin 
through Lyra, and produced 6° farther, it will reach Beta. 

This is a variable star, changing from the 3d to nearly the 5th magnitude hi the 
space of a week ; it is supposed to have spots on its surface, and to turn on its 
axis, like our sun. 

Gamma comes to the meridian 21 minutes after Lyra, and precisely at the 
same moment with EpsiUm, in the tail of the Eagle, 17^° S. of it. 

The declination of Lyra is about 38|° N.; consequently, 
when on the meridian, it is but 2° S. T)f the zenith of Hart- 
ford. It culminates at 9 o'clock, about the 13th of August. 
It is as favourably situated to an observatory at Washington, 
as Rastaben is to those in the vicinity of London. 

Its surpassing brightness has attracted the admiration of 
astronomers in all ages. Manilius, who wrote in the age of 
Augustus, thus alludes to it : — 

" Onb, placed in front above the rest, displays 
A vigorous light and darts surprising rays." 

Astronomiconi B. i. p. 15. 

History.— It is generally asserted that this is the celestial Lyre which Apolld 
or Mercury gave to Orpheus, and upon which he played with such a masterly 
hand, that even the most rapid rivers ceased to flow, the wild beasts of the forest 
forgot their wildness, and the mountains came to listen to his song. 

Of all the nymphs who used to listen to his song, Eurydice was the only one 
who made a deep impression on tlie musician, and their nuptials were celebra- 
ted. Their happiness, however, was short. AristaBus became enamoured of 
Eurydice, and as she fled from her pursuer, a serpent, lurking in the grass, bit 
her foot, and she died of the wound. Orpheus resolved to recover her, or perish 
In tlie attempt. With his lyre in his hand, he entered the infernal regions, and 
gained admission to Pluto. The king of hell was charmed with his strains, the 

What is the name of the principal star? Describe Its position. By what means moy 
it be certainly known? WhcU are thenames of the ttno smaU stars forviing the ba»e qt 
the triangle? Describe the star in the middle qf the Harp, and those with xchich it 
farms another triangle. How are the stars in the base cf this triangle marked on the 
map ? How elue may Beta be pointed out 7 What is there remarJoMe in the appear- 
ance qfthis star? When is Gamma on tfie meridian? What Is the declination of 
Lyra? When does it culminate 7 What ancient poet mentions it? 
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wbeel of Ixion stopped, the stone of Bisyphns stood still, Tantafas forgot bii 
thirst, and even the furies relented. 
Pluto and Proserpine were moved, and consented to restore him Eurydice, 

Srovided lie forbore ioolting behiud hiai till he had come to the extremes! bor- 
ers of their dark dominions. The condition was accepted, and Orpheus was 
already in sight of the uiiper regions of the air, when he forgot, and turned back 
to look at hib long lost Eurydice. He saw her, but she instantly vanished from 
his siglit. He attempted again to follow her, but was refused admission. 

From this time. Orpheus separated himself from the society of mankind, which 
so offended the Thracian women, it is said, that they tore his body to pieces, and 
threw his head into the Hebrus, still articulating the words Euridice I Eurydice J 
as it was carried down the stream into the JEgeua sea. Orpheus was one of the 
Argonauts, of which celebrated expedition he wrote a poetical account, which is 
still extant After his death, he received divine honours, and his lyre became 
one of the constellations. 

This fable, or allegory, designed merely to represent the power of music in 
the hands or the great master of the science, is similarly described by three of 
the most renowned Latin poets. Virgil, in the fourth book of his Georgics, thui 
describes the effect of the lyre : — 

*<E'en to the dark dominions of the night 

He took his way, through forests void of light, 

And dared amid the trembling ghosts to amgf 

And stood before the inexorable king. 

The infernal troops like passing shadows glidoi 

And listening, crowd the sweet musician's side ; 

Men, matrons, children, and the unmarried maid,' 

The mighty hero's more maieetic shade, 

And youth, on funeral piles before their parents laid. 

E'en from the depths of hell the damn'd advance ; 

The infernal mansions, nodding, seem to dance ; 

The gaping three-mouth'd dog forgets to snarl ; 

Tlie furies hearken, and their snakes uncurl ; 

Ixion, seems no more his pain to feel, 

But leans attentive on his standing wheel. 

All dangers past, at length the lonely bride 

In safety goes, with her melodious guide." 

Pythacoras and his followers represent Apollo playing upon a harp of seven 
strings, hy which is meant (as appears from Pliny, b. ii. c. 23— Macrobius i. c. 
19, and Censorinus c. ii.) the sun in conjunction with the seven planets ; for they 
made him the leader of that septenary chorus, and the moderator of nature, and 
thought that by his attractive force he acted upon the planets in the harmonicol 
ratio of their distances. 

Ihe doctrine of celestial harmony, by which was meant the mnsic of the 
epl.eres, was common to all the nations of the East. To this divine music Euri- 

Eides beautifully alludes :—" Thee I invoke, thou self-created Being, who gave 
irth to Nature, and whom light and darkness, and the whole train of globes en* 
circle with eternal music."— So also Shakspeare :— 

"Look, how the floor of heaven 

Is thick inlaid with patines of bright gold ; 
There's not the smallest orb, which thou heboid's^ 
But in his motion like an angel singa. 
Still quiring to the young-eyed cherubim : 
Such harmony is in immortal souls ; 
But, whilst this muddy vesture of decay 
0oth grossly close it in, we cannot hear W* 

The lyre was a famous stringed instrument, much used among the ancients* 
said to have been invented by Mercury about the year of the world 2000 ; though 
some ascribe the invenion to JubaL (Genesis iv. 21.) It is universally allowed, 
that the lyre was the first in-trument of the string kind ever used in Greece. 
The different lyres, at various periods of time, had from four to eighteen strlhgs 
each. The modern lyre is the Welsh harp The lyre, among painters, is an 
attribute of Apollo and the Muses. , . ^ ,. j .^j#« 

All poetry, it has been conjectured, was in its orimn lyric ; that ^ V^?!^ .iS 
recitation or song, with the accompaniment of music and disUnguished Dy uie 
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utoioat boldness of thought and expression; being at first employed in celebra* 
ting the praises of gods and heroes. 

Lesbos was the principal seat of the Lyric Muse ; and Terpander, a natire of 
tills ifcilaiiti, who flourished about 650 years B. C, is one of the earliest of the 
lyr)c. poets whose name we find on record. Sappho, whose misfortunes have 
united with her talents to render her name memorable, was born at Mitylene, tiie 
chief city of Lesbos. She was reckoned a tenth muse, and placed without con- 
trmersy at the head of the female writers in Greece. But Pmdar. a native of 
Thebes, who flourished about GOO years B. C, is styled the prince ot lyric poets. 
To him his fellow-citizens erected a monument ; and when the Lacedemonians 
ravaged Boeotia, and burnt the capital, the following words were written upon 
the door of the poet : Forbsab to bxtkn this houss. It was tbb dwbxxikq op 

PlMDAS. 



SAGITTARIUS. 

The Archer. — This is the ninth sign and the tenth con- 
stellation of the Zodiac. It is situated next east of Scorpio, 
with a mean declination of 35° S. or 12° helow the ecliptic. 

The sun enters this sign on the 22d of November, but does 
not reach the constellation before the 7th of December. 

It occupies a considerable space in the southern hemisphere, 
and contains a number of subordinate, though very conspicu- 
ous stars. "The whole number of its visible stars is sixty- 
nine, including five of the 3d magnitude, and ten of the 4th. 

It may be readily distinguished by means of five stars of 
the 3d and 4th magnitudes, forming a figure resembling a 
little short, straight-handled Dipper, turned nearly bottom up- 
wards, with the handle to the west, familiarly called the 
Milk-Difper^ because it is partly in the Milky- Way. 

This little figure is so conspicuous that it cannot easily be 
mistaken. It is situated about 33° E. of Antares, and comes* 
to the meridian a few minutes after Lyra, on the 17th of Au- 
gust. Of the four stars forming the bowl of the Dipper, the 
two upper ones are only 3° apart, and the lower ones 5°. 

The two smaller stars forming the handle, and extending westerly about 4i^, 
and the easternmost one in the bowl of the Dipper, are all of the 4th magnitude. 
The star in the end of the handle, is marked Lambda^ and is placed in the bow 
of Sagittarius, just within the Milky- Way. Lambda may otherwise be known 
by its being nearly in a line with two other stars about A^^ apart, extending to< 
wards the S. E. It is also equidistant from PM and Delta, with which it makes 
a handsome triangle, with the vertex in lambda. About 5<^ above Lambda, and 
a little to the west, are two stars close together, in the end of the bow, the bright- 
est of which is of the 4th magnitude, and marked Mu. This star serves to point 
out the winter solstice, being about 2^ N. of the tropic of Capricorn, and less 
than one degree east of the solstitial colure. 

If a line be drawn from Sigma tlirough Phi, and produced about 6*^ farther to 
Ihe west, it will point out Delta, and produced about 3<^ from Delta, it will point 
oat Qamma ; stars of the 3d maniitude, in the arrow. The laUer is in the point 



What is the onler in the Zodiac, of Sagittarius? How is it situated? When does 
the sun appear to enter this constellation? Wh.nt are its extent and appearance? What 
ate tlie number and msiffnltude of its stars? How may It be readily distlnjrulshcdl 
What is this figure called, and why? Where is this figure to be found, and when is it 
on the meridian? How for apart are the two upper stars in the iwwl of the Uipperl 
How fiir apsirt are the two lower <Kies ? Describe the stars in the handle. Describe the 
position Of Lambda, Hotcma^ Lambda be othertoise known J With what othar stars 
does Ujbrm a handsome triatigU? Describe tht position ^Mu. How mdv DeUa and 
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of the arrow, and may be known by means of a small star Jast above It on the 
right. This star is so nearly on the scmie meridian with Etanin, In the head of 
Draco, that it cuiniinates only two minutes after it. 

A few other conspicuous stars in this constellation, forming a Tariety of geo- 
metrical figures, may be easily txaced from the map. • 

ITisTORT. — ^This constellation, it is said, commemorates the famous Centaur 
Chiron, son of Philyra and Saturn, who changed himself into a horse, to elude 
the iealous inquivies of his wife Rhea. 

Chiron was famous for his knowledge of music, medicine, and shooting. "Se 
taught mankind the use of plants and medicinal herbs ; and instructed, in all the 
polite arts, the greatest heroes of his age. He taught ^sculapius physic: 
Apollo music ; and Hercules astronomy ; and was tutor to Achilles, Jason, and 
^neas. According to Ovid, he was slain by Hercules, at the river Evenus, for 
offering indignity to his newly married bride. 

" Thou monster double shap'd, my right set free — 

Bwift as his words, the fatal arrow flew : 

The Centaur's back admits the feather'd wood, 

And through his breast the barbed weapon stood ; 

Which, when in anguish, through the liesh he tore, 

From both the wounds gush'd lorth the spumy gore." 
The arrow which Hercules thus sped at the Centaur, having been (fipped in 
ixe blood of the Lernsan Hydra, rendered the wound incufkble, even by the 
fiither of medicine himself^ and he begged Jupiter to deprive him of immortality, 
if thus he might escape his excruciating pains. Jupiter granted his request, and 
translated him to a place among the constellations. 

'*Midst golden stars he .stands' refulgent now. 
And thrusts the scorpion with his bended bow." 
This is the Grecian account of Sagittarius ; but as this constellation appears on 
the ancient 2u>diac8 of Egypt, Dendera, Esne, and India, it seems conclusive that 
the Greeks only borTotced the figure., while they invented the fable. This is 
known to be true with respect to very many of the .ancient constellations. 
Hence the jargon of the conflicting accounts which have descended to us. 



AaUILA, ET ANTINOUS. 

The Eagle, and Antinous. — This double constellation is 
situated directly south of the Fox and Goose, and between 
Taurus Poniatowski on the west, and the Dolphin, on the 
east. It contains seventy-one stars, including one of the 1st 
magnitude, nine of the 3d, and seven of the 4th. It may be 
readily distinguished by the position and superior brilliancy 
of its principal star. 

Allair^ the principal star in the Eagle, is of the Isi, or be- 
tween the 1st and 2d magnitudes. It is situated about 14° S. 
W. of Dolphin. It may be known by its being the largest 
and middle one of the three bright stars which are arranged 
in a line bearing N. W. and S. E. The stars on each side 
of Altair^ are of the 3d magnitude, and distant from it about 
2^. This row of stars very much resembles that in the 
Guards of the Lesser Bear. 

Brno ia Gamma nltuated with respect to Martini In what part of the heavens Is the 
Eagle Biniated? What are the number and mapnltuiie of its stars? How is it distin- 
guished? Describe its principal star. How may it be known? What is the maffnltuJe 
of «he stars on each side of Altalr ? How for distant ftom It aw they » What row of 
^<«rB does this row resemble? 
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Altair is one of the stars from which the moon's distance 
is taken for computing longitude at sea. Its mean declination 
is nearly 8^° N., and when on the meridian, it occupies 
ncfarly the same place in the heavens that the sun does at 
noon on the 12th day of April. It culminates about 6 minutes 
before 9 o'clock, on the last day of August. It nses acrony- 
colly about tlie beginning of June. 

Ovid alludes to the rising of this constellation ; or, more probably, to that of 
the principal star, Altair :— 

"Now view the skies, 

And you'll behold Jove's hook'd-bill bird arise.'* 

Masaey^a Fasti. 

" Among thy splendid group 

One dubious whether of the second ranXj 
Or to the FmsT entitled ; but whose claim 
Seems to deserve tlie FmsT." 

Budoaict. 
The northernmost star in the line, next above Altair, is called Tarazed. In 
the wing of the Ea|^le, there is another row composed of three stars, situated 4^ 
or 5® apart, extending: down towards the southwest ; tlie middle one in this line 
is the smallest, being only of the 4th magnitude ; the next is of the 3d magnitude^ 
marked Delta, and situated 8° S. W. of Altair. 

As you proceed from Delta, there is another line of three stars of the 3d mag 
nitude, between 5® and 6° apart, extending southerly, but curving a little to the 
west, which mark the youth Antinous. The northern wing of the Eagle is not 
distinguished by any conspicuous stars. 

Zeta and Epsilon, of the 3d magnitude, situated in the tail of the Ea^e, are 
about 2" apart, and 12° N. W. of Altair. The last one in the tail, marked Epsi* 
Ion, is on tne same meridian, and culminates the same moment with Gamma^ in 
the Harp. 

From Epsilon, in the tail of the Eagle, to Theta, in the wrist of Antinous, may 
be traced a long line of stars, chiefly of the 3d ma|;nitude, whose letter names 
are Theta, Eta, Mu, Zeta, and Epsilon. The direction of this line is from S. E. 
to N. W., and its length is about 25°. 

Eta is remarkable for its diangecMe appearance. Its greatest brightness con- 
tinues but 40 hours ; it then gradually diminishes for 66 hours when its lustre 
remains stationary for 30 hours. It then waxes brighter and brighter, until it 
appears again as a star of the 3d magnitude. 

From these phenomena, it is inferred thatit not only has spots on its surfiica^ 
like our sun, but that it also turns on its axis. 

Similar Phenomena are observable in Algol, Beta, in the Hare, Delta, in Ce> 
pheua, and Omicron, in the Whale, and many others. 

" Aquila the next, 

Divides the ether with her ardent wing : 
Beneath the Stean^ nor far from PegaauSf 
PoBTic Eaole." 
HiSTORT.— Aquila, or the Eagle, is a constellation usually joined vnth Antinoua. 
Aquila, is supposed to have been Merops, a king of the island of Cos, in the Ar- 
chipelago, and the husband of Clymene, the mother of Phaeton; this monaich 
having been transformed into an eagle, and placed among tbe constellations. 
Some have imagined that Aquila was the eagle whose form Jupiter assumed 
when he carried away Ganymede ; others, that it represents the eagle which 
teought nectar to Jupiter while he lay cpncealed in the cave at Crete, to avoid 

Of wliat importance is this star at sea? What is its declination? What place doea 
It occupy in the heavens when on the meridian, and when does it culminate? When 
does it rise acronycally? Describe the position qf Tarazed. Describe the row cf start 
in the wing qfthe Eagle, DesaHbe the row qf stars xonich mark the youth Antinous, 
What stars m the northern wing ? Describe Zeta and EpsiUm. When is Epsilon on 
ihe meridian J What long itne <^ stars terminates at Epsilon ? What are the dirse^ 
tion and extetu of this line J Describe the remarkaMe appearance qf Eta. What in 
iriftrredfrom thsu phanomena? 



WAP v.] DBLPHINUS. 127 

the farj of his father, Saturn, fiome of the ancient poeta aay, that this is th« 
eagle which furnished Jupiter with weapons in his war with the ^auts : — 
"The tow'ring Eagle neict dbth boldly soar, 
* As if the thunder in his claws he bore ; 

He's worthy Jove, since he, a bird, supplies * 

The heaven with sacred bolts, and ^rios the skies." 

Manilita. 
The eagle is fnstly styled the "sovereign of birds," since he is the largest, 
strongest, and swiftest of all the feathered tribe that live by prey. Homer cails 
the eagle, '' the strong sovereign of the plumy race ;" Horace styles him — 
"The royal bird, to whom the king of heaven 
Tae empire of the feather'd race has given :" 

And Milton denominates the eagle the "Bird of Jove." Its sight isqidck 
strong and piercing, to a proverb : Job xMx. 28y &c. 

"Though strong the hawk, though practised well to fly, 
An eagle drops her in the lower sky ; 
An eagle when deserting human sight. 
She seeks the sun in her unwearied flight; 
Did thy command her yellow pinion lift 
So high in air, and set'her on the clift 
Where far above thy world she dwells alone. 
And proudly makes the strength of rocks her own ; 
Thence wide o'er nature takes her dread survey, 
And with a glance predestinates her prey ! 
She feasts her young with blood ; and hov'ring o'er 
Th' unslaughter'd host, enjoys the promised gore." 

ANTINOUS. 
Antitons is a part of the constellation Aquila, and was invente'd by Tycho 
Brahe. Antinous was a youth of Bithynia, in Asia Minor. So greatly was his 
oealli lamented by the emperor Adrian, that he erected a temple to his memory, 
BOtC ftuilt in honour of him a splendid city, on the banks of the Nile, the ruins of 
W^h are still visited by travellers with much interest. 



CHAPTER XL 

JIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE ON 
THE MERIDIAN IN SEPTEMBER. 

DELPHINUS. 

The Dolphin. — This beautiful little cluster of stars is sit- 
uated 13° or 14° N. E. of the Eagle. It consists of eighteen 
stars, including five of the 3d magnitude, but none larg^. It 
is easily distinguished from all others, by means of the four 
principal stars in the head, which are so arranged as to Term 
the figure of a diamond, pointing N. E. and S. W. To many^ 
this cluster is known by the name of Job^s Cqpin ; but from 
whom, ,or from what fancy, it first obtained this appellation, 
is not known. 

Where is the constellation Delphinus situated 9 What are the number and magnl- 
tak of Its stars 1 How Is this constellaUon disUngulshed ftom all others \ What 8l»» 
efifer name Is sometimes given to this cluster, and whence was It derived i 
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There is another star of the 2d magnitude, situated in the 
body of the Dolphin, about 5° S. W. of the Diamond, and 
marked Epsilon, The other four are marked Alpha, Beta, 
Gamma^ Delta, Between these are several smaller stars, too 
small to be seen in presence of the moon. 

The mean declination of the Dolphin is about 15^ N. 
It comes to the meridian the same moment with Deneb 
Cygni, and about 50 minutes after Altair, on the 16th of 
September. 

"Thee I behold, majestic Cygnus, * 

On the marge dancing of the heavenly sea, 
Arion's friend ; eighteen thy stars appear— 
One telescopic." 
History. — ^Tlie Dolphin, according to some raythologist^ was made a constel- 
lation by Neptune, because one of these beautiful fishes had persuaded the god- 
dess Amphitrite, who had made a vow of perpetual celibacy, to become the wife 
of that deity ; but others maintain, that it is the dolphin which preserved the 
ftmous lyric poet and musician Arion, who was a native of Lesbos, an island in 
the Archipelago. 

He went to Italy with Periander, tyrant of Corinth, where he obtained immense 
riches by his profession. Wishing to revisit his native country, the sailors of 
the ship in which he embarlced, resolved to murder him, and get possession of 
his wealth. Seeing Ihem immoveable in their resolution, Arion begged permis- 
sion to play a tune upon his lute before he should be put to death. The melod/ 
of the instrument attracted a number of do^hins around the ship ; he immedi- 
ately precipitated himself into the sea; wheaone of them, it is asserted, carried 
him safe on his back to Tsnarus, a promontory of Laconia, in Peloponnesus ; - 
whence he hastened to the court of Periander^ who ordered aU the sailors to be 
crucified at their return. 

"But, (past belief,) a dolphin's'arched back 
Preser\'ed Arion from nis destined wrack ; 
Becure he sits, and with harmonious strains 
• Requites his bearer for his friendly pains." 
When the femous poet Hesiod was murdered in Naupactum, a cijy of iBtoIia, 
in Greece, and his body thrown into the sea, some dolphins, it is said, brought 
back the floating corpse to the shore, which was immediately recognised by his 
friends ; and the assassins being afterwards discovered by the dogs of the de- 
parted bardj were ])ut to death, by immersion in the same sea. 

Varas, 'said bv some to have been the founder of Tarentam, now Tarento, in 
the south of Italy, was saved from shipwreck by a dolphin ; and the inhabitants 
of that cify preserved the memory of this extraordinary event on their coin. 

The natural shape of the dolphin, however, is not incurvated, so that one 
might ride upon its back, as the poets imagined, but almost straight. When it 
is first tatcen from the water, it exhibits a variety of exquisitely beautiful but 
evanescent, tints of colour, that p&ss in succession over its body until it dies. 
They are an extremely swift-swimming fish, and are capable of living a long 
time out of water ; in fact, they seem to delight to gambol, and leap out of their 
native element. 



"Upon the swelling waves the dolphins show 
Their bending backs ; then swiftly darting i 
And in a thousand wreaths their bodies sho 



CYGNUS. 

The Swan. — This remarkable constellation is situated m 
the Milky-Way, directly E. of Lyra, and nearly on the same 

Mention some other stars in the Dolphin, What is the mean declination of the I>ol- 
iMni ajjKl when Is it on the meridian ? In what pact of the heavens Is the consteUaUofi 
Oygnus situated? 
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meridian Tvith the Dolphin. It is represented on outspread 
wings, flying down the Mil^-Way, towards the southwest. 

The principal stars which mark the wings, the body and 
the bill of Cygnus, are so arranged, as to form a large and 
regular Cross; the upright piece lying along the Milky- 
, Way from N. E. to S. W., while the cross piece, repre- 
senting the wings, crosses the other at right angles, from 
S. E. to N. W. 

Arided, or Deneh Cygni, in the body of the Swan, is a 
star of the 1st magnitude, 24° E. N. E. of Lyra, and 30° di- 
rectly N. of the Dolphin. It is the most brilliant star in the 
constellation. It is situated at the upper end of the cross, 
and comes to the meridian at 9 o'clock, on the 16th of Sep- 
tember. 

Sad'r^ is a star of the 3d msjmitnde, 6^ S W. of Deneb, situated exactly in th« 
cross, or where the upright piece intersects the cross piece^ and is about 20*^ B. 
of Lyra. . 

JDelifij the principal star in the west wing, or arm of the cvoss, is situated K. 
W. of Sad'r, at the distance of little more than 8°, and is of the 3d magnitude. 
Beyond Delta, towards the extremity of the wing, are two smaller stars about 5^ 
apart, and inclining a little obliquely to the north ; the lajK of which peanhei 
nearly to the first coil of Draco. These stars mark the west wing ; the ea^t wiijg 
may oe traced by means of stars very similarly situated. 

Gienah, is a star of the 3d niagnituae, in the east wing, just as far east of Sad'r 
in ttie centre of the cross, as Delta is west of it This row of three equal stan% 
Delta, Sad'r. and Gienah, form the bar of the cross, and are equidistant from 
each other, being about 6° apart. Beyond Gienah on the east, at the distance of 
€° or 7^ there are two other stars of the 3d magnitude ; the last of which marJu 
the extremity of the eastern wing. 

The smrs m the neclc are all too snnll to be noticed. There is one, however, 
in the bealc of the Swan, at the foot of the cross, called Allnreo. which is of rhe 
3d magnitude, and can be seen very plainly. It is about 16° S. W. of Sad'r, and 
about the rame distance S. E. of Lyra, with which it makss nearly a right anj^le. 

"In the small space between Sad'r and Albireo," says Dr. Herschel, '* the stafg 
in. the Milky-Way seem to be clustering into two separate divisions; each aivi- 
sion tontainrng more than one hundred and sisty-five thousand stars." 

Albireo bears northerly from Altair about 20°. Immediately south and south- 
east of Albireo, may be seen the Fox and Goose ; and about midway between 
Albireo and Altair, tlicre may be traced a line of four or five minute stars, called 
the Arkow ; the heatl of which is on the S. W., and can be distinguished by 
means of two stars situated close together. 

According to the British catalogue, this constellation con- 
tains eighty-one stats, including one of the 1st or 2d mag- 
nitude, six of the 3d, and twelve of the 4th. The author 
of the following beautiful lines, says there are one hundred 
and seven. 

*<Thee, silver Swan, who, silent, can o'erpassi 
A hundred with seven radiant stars compose 
Thy graceful form : amid the lucid stream 

How is It represented? What remarkable figure Is formed by its jprlndpal stars T 
Describe the position and appearance of Arided, or Deneb Cygnl. ^Vllen docs it cul- 
minate at 9 o'clock ? Describe the position qf Sad'r. Describe Delta. What stars te- 
vond Delta 7 What stars in the east tcing 7 What stars form the bar of the cross? 
What stars beyond Gienah on the east 7 Describe the stars in the neck and btu (JtM 

»an. How is the star in the biU situatedfoilh respect toSad^r and Lyra? Wimt 
Hers south and southeast qf AU^eo ? What are U»e number and magnttude of tb« 
Atars in the Swm l 
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Of the ftirMiSy-Way distinguish'd ; one 

Adorns the second order, where she cuts 

The wavo« that follow in her utmost track ; 

This never hides its fire throughout the nighl^ 

And of the rest, the more conspicuous mark 

Her snowy pinions and refulgent neck." — Eudoaia, b. It. 
Astronomers have discovered three variable stars in the Swan. C%j, situated 
In the neck, between Beta and Sad'r. was first observed to vai7 its brightneiia, 
in 1686. Its periodical changes of light are now ascertained to be completed in 
4/Qoda.jB. ScuPr is also cliangeable. Its greatest lustre is somewhat less than that 
of a star of the 3d magnitude, and it greduaUy diminishes till it reaches that of 
the 6th. Its changes are far from being regular, and, from present observationa, 
tbey do not seem to recur till after a period df ten years or more. 

A third variable star was discovered in the head on the 20th of June, 1670, hf 
Anthehne. It appeared then to be of the 3d magnitude, but was so far diminished 
in the following October, as to be scarcely visible. In the beginning of April 
1671, it was again seen, and was rather Brighter than at first After several 
changes, it disappeared in Marctk 1672, and has not been observed since. 

Tliese remarkable facts seem lo indicate, that there is a brilliant planetary 
nystAn in this constellation, which, in some of its revolutions, becomes visiblie 
tons. 

HiBTORT.— Mytholojgists gi^e various accounts of the origin of this constella* 
tion. Borne suppose it is Orpheus, the celebrated musician, who, on being mur- 
dered by the cruel priestess of Bacchus, was changed into a Swan, and placed 
near his Harp in the heavens. Others suppose it is the swan into which Jupiter 
' transformed niinself when he deceived Leda, wife of Tyndarus, king of Sparta. 
Borne affirm that it was Cicnus, a son of Neptune, who was so completelv invul- 
nerable that neitHer the javelins nor arrows, nor even the blows of Achilles, in 
Aurious combat, could make any impression. 

'< Headlong: he leaps from off his loftv car, 

And in close fight on foot renews the war ; — 

But on his tXesh nor wound nor blood is seeu, 

The sword itself is blunted on the skin." 
But when Achilles saw that his darts and blows had no effect on htm, he {m« 
mediately threw him on tlic ground and saiothered him. While he was attemp^ 
Uig to despoil him of his armour, he was suddenly changed into a swan. 
"With ea^er haste he went to strip the dead ; 

The vaiiTsh'd bodv from his arms was fled. 

His seagod sire, t' immortalize his fame. 

Had turn'd it to a bird that bears his name." 
According to Ovid this constellation took its name from Cygnus, a relative of 
Phaeton, who deeply lamented the untimely fate of that youth, and the melan- 
choly end of his sisters, who, standing around his tomb, wept themselves into 
poplara. 

^Cicnus beheld the nymphs trans&rm'd, allied 

To their dewl brother on the mortal side, 

In firiendship and affection nearer bound ; 

He letllhe citias, and the realms he own>0, 

Through pathless fields, and lonely shores to range ; 

And woods made thicker by tbe sisters' change^ 

Whilst here, within the dismal gloom alone, 

^he melancholy monarch made his moan ; 

Uis veice was lessened as he tried to speak, 

And issued through a long-extended neck : 

His hair transforms to down, his fingers meet 

In skinny films, and shape his oary feet ; 

From both his sides the wings and feathers break : 

And from his mouth proeeeJb a blunted beik.i 

All Cicnus now into a swan was torn'd." — Ovid's Met. b. ii. 

WtuU variable stars ?utv*i astronomers discovered in this constellation ? JVhidi qf 
loas first dimovered to be variable iniese i In what period are i» periodieal 
res (ff lighttgktHeted7 Describe the appearance of Sad'f. Describetheonedie' 
'"<fil670. imn do these remarkiOleJiKtsmdictte? 
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yirgU, alao, in the 10th book of his ^neid, alltide& to the same ftble ^-' 
"ForCicnus loved unhappy Plweton, 
And sung his loss in poplar groves alone^ 
Beneath the sister shades to sooth his ^rief; 
Heaven heard his song, and hasten'd his relief; 
And changed to snowy plumes his hoary hair, 
And wingNcl bis flight to sing aloft in air." 
Of all the feathered race, there is no bird, perhaps, which makes sp beaatffol 
and majestic an appearance as tlie swan. Almosit every poet of epiinence hat 
taken notice of it. The swan has, probably, in all ages, and in every country 
where taste and elegance have been cultivated, been considered as the etablem 
of poetical dignity, purity, and ease. By the ancients it was consecrated to ApoUo 
and the Muses ; they also entertained a notion that this bird foretold its own end, 
and sang more sweetly at the approach of death. 
" ** She, like the swan 
Expiring, dies in melody." — JEachylua. 
"So on the silver stream, when death is nigh, 
The mournful swan sings ^ts own elegy." — Ovidy Tristia. 



CAPRICORNUS. 

The Goat. — This is the tenth sign, aijd eleventh constel- 
lation, in the order of the Zodiac, and is situated south of the 
Dolphin, and next east of Sagittarius. Its mean declination 
is 20° south, and its mean right ascension, 310**. It is there- 
fore on the meridian about the 18th of September. It is to 
be observed that the first point of the sign Capricorn, not the 
constellation^ marks the southern tropic, <«: winter solstice. 
The sun, therefore, arrives at this pomt of its orbit the 21st 
of December, but does not reach the constellation Capricorn 
until the 16th of January. 

The sun, having now attained its utmost declinaticm south, 
after remaining a few days apparently stationary, begins once 
more to retrace its progress northwardly, anordrng to the 
wintry latitudes of the north, a grateful presage of returning 
spring. 

At the period of the winter solstice, the sun is vertical to 
the tropic of Capricorn, and the southern hemisphere enjoys 
the same light and heat which the northern hemisphere en- 
joys on the 21st of June^ when the sun is vertical to the tropic 
of Cancer. It is, at this period, mid-day at the south pole, 
and midnight at the north pole. 

The whole number of stars in this constellation is fifty- 
one ; none of which are very conspicuous. The three largest 
are only of the 3d, magnitude. Tliere is an equal number 

of the.4th. 

■.- • — »■■■■■ . <fci ■ — ■ ^ 

Where is Caprtcomus situated ? "What are its mean^rl^ht ascension and deeMnatfonl 
When is the main bodv of the constellation on the meridian? When does the sun ent^r 
the aign, and whffla the eormellation Capricorn? Poes the sun ever extend beyond 
this point into the southern hemisphere 1 What Is the position of the sun with re- 
spect to the tropic of Capricorn, at the winter solstice, and wh*| We the seasons « 
m two hemispheres ? What are the number and magnitude orSiel^tars in this ooop 
flellaUonY 
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The. head of Capricorn may be recognised by means of 
two stars of the 3d magnitude, situated a little more than 2^ 
apart, called Gitdi and DabiJL They are 28^ from the Dol- 
phin^ in a southerly direction. 

Giedi is the most northern star of the two, and is double. 
If a line be drawn from Lyra through Altair, and produced 
about 23*^ farther, it will point out the head of Capricorn. 
These two stars come to the meridian the 9th of September, 
a few minutes after Sad'r, in Cygni. 

A few other stars, of inferior note may be traced out by 
reference to the maps. 

The sign of the Goat was called by the ancient oriental- 
ists the " Southern gate of the Sun," as Cancer was denom- 
inated the " Northern gate." The ten stars in the sign Ca- 
pricorn, known to the ancients by the name of the " Tower 
of Gad," are probably now in the constellation Aquarius. 

History. — Capricomus is said to be Pan, or Bacchus, who, with some other 
deities were feasting near the banks of the Nile, when suddenly the dreadful 
giant Typhon canie upon them, and compelled them ail to assume a dUferent 
shape, in order to escape his fury. Ovid relates, ^ 

"Htow Typhon, from the conquer'd skies, pursued 
Their routed godheads to the seven-mouth'd flood: 
Forced every god, (his fury to escape,) 
Some beastly form to take, or earthly shape. 
Jove (sings the bard) was chang'd into a ram, 
. From whence the horns of Lybian Ammon came. 
Bacchus a goat^ Apollo was a crow ; 
Phoebe a cat; the wife of Jove a cow, 
Whose hue was whiter than the falling snow 
Mercurr to a nasty Ibis turned — 
While Venus from a fish protection cravns, 
And once more plunges in her native waves." 
On this occasion it is further related that Bacchus, or Pan, led the way and 
plunged into the Nile^ and that the part of his body which was under the water, 
assumed the form of a fish, and the other part that of a goat ; and that to pre- 
serve the memory of this frolic, Jupiter made him into a constellation, in hia 
metamorphosed shape. 

Some say that this constellation was the goat AmalthearWho supported the in- 
font Jupiter with her milk. To reward her kindness, the father of the gods 
placed her among the constellation& and gave one of her horns to the nyo.nhs 
who had taken care of him in his infantile years. Tliis gill was ever after ealled 
the horn of jUenty ; as it possessed tlie virtue of imparting to the holder what> 
ever she desired.' 

The real eense of this fable, divested of poetical embellishment, appears to be 
this ; that in Crete, some say in Lybia, there was a small territory shaped very 
tfiich like a bullock's horn, and exceedingly fertile, which the king presented 
to liis daughter Amalthea, whom the poets feigned to have been Jupiter's nurse. 
"The bounteous Pan," as he is styled by Milton, was the god of rural scen^JT', 
shepherds, and huntsmen. Vii^l thus aadresses him : — 

* On this account the Latin term Comvgopfa, denotes plenty, or RbimtlaflOe of good 
things. The wonl Amalthea, when used nguratlvely, has also the same n.cali^^'. 

How may it be recognised ? How are Glkli and Dablh situated with respect to the 
Dolphin? How are these two stars distinguished from each other, and what is their 
potsition In respect to the Eagle I When are they on our meridian? What were the 
signs Capricorn tnd CancesorigliMuy called 7 Where are the ten stars, known to tb* 
•ncients Dy the name (tf the " TovetiXGad," now to be found? 
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'And thou, the shepherd's taltelary god 
Leave, for a while, O Pan ! fhj loved abode."* 
The name of Pan is derived from a Greek word signifying till things ; and ha 
was oilen considered as the great principle of vegetable arid animal life. He re- 
sided chiefly in Arcadia, in woods and the most rjagrged mountains. As Pan 
usually terrified the inhabitants of the adjacent country, even when he was no- 
where to be seen, that kind of fear which oAen seizes men, and which is only 
ideal or imaginary, has received from him the name of Pantc. 



CHAPTER XII. 

DIRECTIONS FOR TRACING THE CONSTELLATIONS WHICH ARE ON 
THE MERIDIAN IN OCTOBER. 

^- PEGASUS. 

The Flying Horse.— This constellation is represented in 
an inverted posture, with wings. It occupies a large space 
in the heavens, between the Swan, the Dolphin and the 
Eagle, on the west, and the Northern Fish and Andromeda, 
on the east. Its mean right ascension is 340°, or it is situa- 
ted! 20° W. of the prime meridian. It extends from the 
equinoctial N. 35°i Its mean length E. and W. is about 40°, 
and' it is six weeks in passing our meridian, viz. from the 1st 
of October to the 10th of November; * 

We see but a part of Pegasus,' the rest of the animal, 
bein^, as the poets imagined, hid in the clouds. 

It is readily distiuOTished from all other constellations by 
means of four remarkable stars, about 15° apart, forming the 
figure of a square, called the square of Pegasus, The two 
western stars in this square come lo the meridian about the 
23d of October, and are 13° apart. The northern one, which 
is the brightest of three triangular stars in the martingale, is 
of the 2d magnitude, and is called Scheat. Its declination is 
26^0 N. Markab, also of the 2d magnitude, situated in the 
bead of the wing, is 13^ S. of Scheat, and passes the meri- 
dian 11 minutes after it. 

• 

* Pales, the female deity corresponding to Pan, was the goddess of sheepfolds and 
of pastures among the Romans. Thus Vuigil :— 

** Now, sacred Pales, in a h>fty strain, 
I sing the rural honours of thy reign." 
The shephenls offered to this goddess milk and honey, to gain her protection over 
their flocks. She Is represented as an old woman, an»l was worahlpjicd with great 
solcnmiiy a»Rome. Her festivals which were called PalUia, were celebrated on the 
80th of April, the day on which Rom ulus hiid the foundations of the city. 

How is Pegasu3 represented? What space and position does It occupy In the hea 
Tens/ What are the distance and direction of its centre fWm the prime meridian? 
What are its mean length and breadth? How long Is it in passing our meridian? 
when dops it pass the meridian? How Is this constellation dlstinnilshed iwm all 
9th0cfti PoBcribe the two stars which form the weft side of the sqaiMil 
12 
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' The two stars which form the eastern side of the square, 
come to the meridian about an hour after those in the western. ( 
The northern one has already been described as Alpkeratz 
in the head of Andromeda, but it also belongs to this constel* 
lation, and is 14° E. of Scheat. 14° S. of Alpheratz, is Al- 
geniby the last star in the wing^ situated 16^° E. of Markab. 

Algenib, in PegaBus, Alj^heratZf in Andromeda, and Caph in Cassiopeia are 
situated on the prime mertdian, and point out its direction through the pole. For 
this reason, they are sometimes called the three guides. They form an arc of 
that great circle in the heavens from which the distances of all the heavenly bo- 
dies are measured. It is an arc of the equinoctial colure which passes through 
the vernal equinox, and which the sun crosses about the 21st of March. It is, in 
astronomy, what the meridian of Greenwich is in geography. If the sun, or a 
planet, or a star, be said to have so many degrees of right ascension, it means 
tba^ths sun or planet has ascended so maiw degrees from this prime meridiao. 

Utiif^ sometimes called Enir, is a star of the 3d magnitude in the nose of Pe- 
gasus, about 20° VV. S. W. of Markab, and halfway between it and the Dolphin. 
About i of the distance from Marisab towards Eni^ but a little to the S., there ia 
a star of tlie 3d magnitude situated in the neck, whose letter name is Zeta. The 
loose cluster directly S. of a line joining Enif and Zeta, forms the liead of Pe- 
gasus. 

In this constellation^ there are eighty-nme stars visible to 

the naked eye, of which three are of the second magnitude 

and three of the third. 

History.— This, according to fable, is the celebrated horse which sprung firom 
the blood of Medusa, after Perseus had cut off her head. He received his name 
according to Hesiod, from his being born near the sources C^»>*} Pcge) of the 
ocean. According to Ovid, he fixed his residence on Mount Helicon, where by 
striking the earth with his foot, he raised the fabled fountain called Hippocrene. 
He became the favourite of the Muses ; an^ being tamed by Neptune or Mi- 
nerva, he was given to Bellerophon, son of Glaucus, kin| of Ephyre, to aid him 
in conquering the Chimaera, a nideoua monster that contmually vomited flames. 
This monster had three heads, that of a lion, a goat, and a dragon. The fore 
parts of its body were those of a lion, the middle those of a goat, and the hinder 
those of the dragon. It lived in Lycia, of which the top, on account of its deso- 
late wilderness, was the resort of lions, the middle, which was fruitful, was cov- . 
ered with goats, and at the bottom, the marshy ground abounded with serpents. 
Bellerophon was the first who made his habitation upon it. 

Plutarch thinks the Cbimsera was the captain of some pirates who adorned 
their ship with the images of a lion, a goat, and a dragon. 

After the destruction of this monster, Bellerophon attempted to fly up to hea- 
ven upon Pegasus ; but Jupiter was so displeased at this presumption, that he 
sent an insect to BtfUg the horse, which occasioned the melancholy fall of his 
rider. Bellerophon fell to the earth, and Pegasus continued his flight up to hea^ 
ven, and was placed bf Jupiter among the constellations. 

"Now heav'n his further wand'ring flight confines, 
Where, splendid with his num'rous stars, he shines." 

Ovid's Fasti. 
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The Little Horse, or the Horse's Head. — This Aste- 
nsm, or small cluster of stars, is situated about 7^ W. of 
Enif, in the head of Pegasus, and about halfway between it 

Describe the two on ^ east side. What is the name of the star in the N. E. comer 
of the square? In the a. E. comer? In the 8. W, comer? In the N. W. comer ? De- 
scribe the poifiti(M). and magnitudB of En,if. What is the whole number of stars in 
Pegasus ? Wbatis the macnltude of the principal ones 7 Describe the situation of th» 
the Little Horee? ft— 
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and the Dolphini It is on the meridian at 8 o'clock, on t^ 
11th of October.: It contains ten stars, of which the four 
principal are only of the 4th magnituae. These may be 
readily distinguished by means of the long irregular square 
which they form. The two in the nose, are much nearer to- 
gether than the two in the eyes ; the former being 1° apart, 
and the latter 2^°. Those in the nose are uppermost, being 
40 N. of those in tlie eyes. This figure also is m an inverted 
position. These four stars are situated 10° or 12° S. E. of 
the diamond in the Dolphin's head. Both of these clusters, 
are noticeable on account of their figure rather than thek 
brilliancy. 

HisTOBT.— This constellation Is supposed to be the brother of Fesasui^ named 
CeleriSy given bv Mercury to Castor, who was so celebrated for his skill in the 
management of horses ; others take nim to be the celebrated horse which Nep- 
tune struck out of the earth with his trident, when he disputed with Minerva for 
superiority. The head only of Celeris is visible, and this, also, is represented 
in an inverted position. 

AaUARIUS. 

The WATER-BEARER.-r-This constellation is represented 
by the figure of a man, pouring out water from an urn. It is 
situated in the Zodiac, immediately S. of the equinoctial, 
and bounded by the Little Horse, Pegasus, and the Western 
Fish on the N., the Whale on the E., the Southern Fish on 
the S. and the Goat on the W..* It is now the 12th in order, 
or last of the Zodiacal constellations; and is the name of the 
11th sign in the ecliptic. Its mean declination is 14^ S. and 
its mean right ascension 335°, or 22 hours, 20 min. ; it being 
1 hour and 40 min. W. of the equinoctial colure ; its centre 
is, therefore, on the meridian the 15th of October. 

It contains one hundred and eight stars ; of which the four 
largest are all of the 3d magnitude. 

"His head, his shoulders, and his lucid breast, 
Glisten with stars ; and where his urn inclines 
Kivers of light brighten the wat*ry track." 

The northeastern limit of Aquanus may be readily distin- 
guished by means of four stars of the 4th ma^itude, in the 
hand and handle of the urn, so placed as to form the letter 
Y, very plainly to be seen, 15° S. E. of Enif, or 18° S. S. 
W. of Markab, in Pegasus ; making with the two latter nearly 
a right angle. 

When is it on the meridian? What is the whole nuiflller of Its stars? What is the 
magnitude of the prlncliuil ones? How may the principal stars be distinguished? 
How are the two in the nose di.stinguisheil ftom the two In the eyes? What tire their 
distance and direction nrom the Dolphin? On what account an these clusters notlcea« 
Die? How is Aquarius represented? Where is it situated? What is Its present order 
among the constellations of the Zodiac? What are its right ascension and declination? 
what is the whole number of its stars ? What is tll» magnitude of the principal ones f 
How nay the N. E. limit of Aquarius be readily dlsttngiUshed? What are the distanoe 
and direction of this letter Y, from Markab and Enlf, In Pegasus f 
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About 4|^ W. of this figure i» JSl MeKk, a star of tHe 3d magnitude, in the K 
flhoulder, and the principal one. in this constellation. 10^ B. W. of £4 weUlL-ftl 
another star of the same ma^itade, situated in the W. shoulder, called Sad e» 
Saiid. 

Ancka of the 4th magiiitiide, is in the right iflde, S^ S. of El Melik. 9© E. of 
Anclia, is another star ollhe 4di magnitude, whose letter name is Lambda. 

Scheal, of the 3d magnitude, Tying below the knee, is situated S^j^ S. of Lamb- 
da; and 14*^ S. of Scheat, the brilliant star Fomalhaut,* of between the 1st and 
52d magnitudes, terminates the cascade in the moath of flie Southern Fish. This 
star is common to both these constellations, and is one of tnose from which the 
lunar distance is computed for ascertaining the longitudk at sea. It culminates 
at 9 o'clock on the 22d of October. 

Fomalhaut,' Deneb Kaitos, and Alpha in the head of the Phffinix, make a large 
triangle, whose vertex is in Deneb Kaitos. Those two stars of the 4th magnitude, 
situated 4° S. of Sad es Saud, and nearly the same distance from Ancha, are in 
the tail of Capricorn. They are about- 2P apart The western one is called 
Deneb Algedi. 

The rest of the stars in the cascade are quite small; thdy may be traced from 
the letter Y; in the urn, in a southeasterly direction towards the tail of Cetus, 
from wliicli the cascade -suddenly bends off near Scheat, in an opposite course, 
and -anally disappears in the mouth of the Southern Fiah, 30° S. of Y. 

HisToav.— This constellation is the famous Ganymede, a beautiful youth of 
Phrygia, son of Tros, kliyf of Troy, or, according to Lucian, son of Dardanus. 
lie was taken up to heaven by Jupiter as he was tending his father's flocks on 
Mount Ida, and became the cupbearer of the gods in place of Hebe. There are 
varions opinions, however, among the ancients respecting its origin. Some sup- 
pose it represents De^icalion, who was placed among the stars after the celebra- 
ted deluge ofThessaly, 1500 years before the birth of our Saviour; while others 
think it designed to commemorate Cecrops, who came from Egypt to Greece, 
founded Athens, established science, and introduced the arts of polished life. 

The anciont Egyptians supposed the setting or disappearance of Aquarius 
caused the Nile to rise, by the sinking of his urn in the water. — In the Zodiao ot 
the Hebrews, Aquarius represents the tribe of Reuben. 
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The Southern FiSH.-S-This constellation is directly S. of 
Aquarius, and is represented as a fish drinking the water 
•which Aquarius pours from his urn. Its meaii declination is 
31° S. and its mean right ascension and time of passing the 
meridian are the same as those of Aquarius, and it is seen on 
the meridian at the same time ; viz., on the 15th of October. 
It contains 24 visible stars, of which one is of the 1st magni- 
tude or between the 1st and 2d, two are of the 3d, and five of 
the 4th. The first and most beautiful of all is Fomalhaut^ 
situated in the mouth. This is 14° directly S. of Scheat in 
Aquarius, and may be seen passing the meridian low down 
m the southern hemisphere, on the 22d and 23d of October. 

* Pronounced Fo-f»a-to. 

What is the name of the principal star in this constellation? Whai in its position? 
What star in the W. shoiUder? Describe the situation vf Ancha. What is the posi- 
tion of Scheat and FonicUhaut 7 To what eonstcUations is Fomalhaut common 7 Qf 
what nautlccU importance is it? When does it cuHninase ? With tohat other stars 
does it form a large triangle f Howmayuott trace the stars in the cascade? Describe 
the situation and appearance of the Soutnem Fish. What are its mean right ascension 
and declhttitlon? when is it oA the meridian? What Is the whole number of it« stars? 
What is the magnitude of its principal ones? What are the name and position of the 
most brilliant star in the constellation ? When and where does It pass the meridian "» 
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Its position in the heavens has been determined with the 
greatest possible accuracy, to enable navigators to find their 
longitude at sea. 

The mode of doing tliis cannot be explained here. The problem is one of soma 
difficulty. It consists in finding the sngular distance between some star whose 
position is well known, and the moon when sha is passing near it ; also, the 
altitude of each, at the same instant, with good sextants. These data furnish the 
elements of a spherical triangle^ the solution of which, after various intricate 
correctitms, is made to result m the longitude of the given place.— iScc note to 
Aritties. In 1714, the British Parliament offered a reward 0110,000 pounds ster- 
line, to any man who should discover a method of determining the longitude 
wiUiin 1°, or 60 geographic miles of the truth ; IdiOOO pounds to the man who 
should find it within 40 miles, and 20,000 pounds, if found within 30 miles. These 
rewards in part have been since distributed among eminent n^thematicians, in 
Europe, agreeably to the respective merits of their discoveries. 

History.— This constellation is supposed to have taken its name firom the 
transformation of Venus into the shape of a fish when she fled, terrified at the 
horrible advances of the monster Tvphon, as we have related in the mythology 
of the Fishes.— <>S^ee Pisces.) 



CHAPTER XIII. 

VARIABLE AND DOUBLE STARS — CLUSTERS — NEBULJE. 

1. Variable Stars. — The periodical variations of brilliancy 
to which some of the fixed stars are subject, may be reckoned 
among the most remarkable of their phenomena. Several 
stars, formerly distinguished by their splendour, have entirely 
disappeared ; others are now conspicuous which do not seem 
to have been visible to the iincient observers ; and there are 
some which alternately appear and disappear, or, at least, of 
which the light undergoes great periodic coanges. Some 
seem to become CTadually more obscure, as Delta in the Great 
Bear; others, like Beta in the Whale, to be increasing in 
brilliancy. Some stars have all at once blazed foith with 
great splendoiur, and, after a gradual diminution of their Ught, 
again become extinct. The most remarkable instance of this 
kind is that of the star which appeared in 1572, in the time ' 
of Tycho Brahe. It suddenly shone forth, in the constella- 
tion Cassiopeia, with a splendour exceeding that of stars of 
the first magnitude, even of Jupiter and of Venus, at their 
least distances from the earth ; and could be seen, with the 
iiaked eye, on the meridian, in full dav ! Its brilliancy gradu- 
ally diminished from the time of its first appearance, and at 
the end of sixteen months, it entirely disappeared, and has 

For what purpose has its position been veiy accurately determined 7 Describe the pe- 
riodical varuitlons of brilliancy to which sodle of the fixed stars are subject? Mention 
some of the most remarkable instances of such variations, and describe them particu* 
larijr. 

12* 
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never been seen since. {See a more particular account of 
this phenomenon, page 40.) 

Another instance of the same kind was observed in 1604, 
when a star of the first magnitude suddenly appeared in the 
nght foot of Ophiuchus. It presented, like tne former, all the 
phenomena of a prodigious flame, being, at first, of a dazzling 
white, then of a reddish yellow, and, lastly, of a leaden pale- 
ness ; in which its light expired. These instances prove that 
the stars are subject to great physical revolutions. — Page 41. 

A great number of stars have been observed whose light 
seems to undergo a regular periodic increase and diminution. 
They are properly called Variable Stars. One in the Whale 
has a period of 334 days, and is remarkable for the magni- 
tude of its variations. From being a star of the second mag- 
nitude, it becomes so dim as to be seen with difficulty through 
powerful telescopes. Some are remarkable for the shortness 
of the period of their variation. Algol has a period of between 
two and three days ; Delta Cephei, of 5 J days ; Beta Lyrce, 
of 6 2-5 days ; and Mu Antinoi, of 7 days. 

The regular succession of these variations precludes the 
supposition of an actual destruction of the stars ; neither can 
the variations be suj)posed to arise from a change of distance; 
for as the stars invariably retain their apparent places, it would 
be necessary to suppose that they approach to, and recede 
from the earth in straight lines, which is very improbable. 
The most probable supposition is, that the stars revolve, like 
the sun and planets, about an axis. " Such a motion," says 
the elder Herschel, " may be as evidently proved, as the diur- 
nal motion of the earth. Dark spots, or large portions of the 
surface, less luminous than the rest, turned alternately in 
certain directions, either towards or from us, will account for 
all the phenomena of periodical changes in the lustre of the 
stars, so satisfactorily, that we certainly need not look for any 
other cause." 

. 2. Double Stars. — On examining the stars with telescopes 
of considerable power, many of them are found to be com- 
posed of two or more stars, placed contiguous to each other, 
or of which the distance subtends a very minute angle. This 
appearance is, probably, in many cases, owing solely to the 
optical efiect of their position relative to the spectator ; for it 
is evident that two stars will appear* contiguous if they are 

What are sucfc stars denominated? Describe the variations of one in the Whale, 
what stars are remarkable for the shortness of the period of their v:irIation8? Why 
may we not suppose that the stars which disappear are actually destroyed? Why may 
not the variations arise from a change of distance? What is the most probable suppo- 
sition in rcjrard to their cause? How does Dr. Herschel explain these phenomena) 
On exainininsrthe stars with a telescope of considerable power, what other peculiarity 
flo ^^ c f:.'«ii » To what is this api)earanc6, In many cases, owing i 
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placed nearly in the same line of vision, although their real 
distance may he immeasurably greai. 

There are, however, many mstances in which the aagle of 
position of the two stars varies in such a manner as to indi- 
cate a revolution about each other and about a common cenr 
ire. In this case they are said to form a Binary System^ 
performing to each otlier the office of sun and planet, and are 
connected together by laws of gravitation like those which 
prevail in the solar system. The recent observations of Sir 
John Herschel and Sir James South, have established the 
truth of this sin^ar fact, beyond a doubt. Motions have been 
detected, so rapid as to become measurable within very short 
periods of time ; and at certain epochs, the satellite or feebler 
star has been observed to disappear, either passing behind or 
before the primary, or approaching so near to it that its light 
has been absorbed by that of the other. 

The most remarkable instance of a regular revolution of 
this sort, is that of Mizar, in the tail of the Great Bear ; in 
which the angular motion is 6 degrees and 24 minutes of a 
ffreat-circle, annually ; so that the two stars complete a revo- 
lution about one another in the space of 58^: years. About 
eleven twelfths of a complete circuit have been already de- 
scribed since its discovery in 1781, the same year in which 
the planet Herschel was discovered." 

A double star in Ophiuchus presents a similar phenomenon, 
and the satellite has a motion in its orbit still more rapid. 
Castor, in the Twins,* Gamma Virginia, Zeta in the Crab, 
Zi Bootis, Delta Serpentis, and that remarkable double star 
61 Cygni, together with several others, amounting to 40 in 
number,t exhibit the same evidence of a revolution about each 
other and about a common centre. But it is to be remem- 
bered that these are not the revolutions of bodies of a planet- 
ary nature around a^olar centre, but of sun around sun — 
each, perhaps, accompanied by its train of planets, and their 
satellites, closely shrouded from our view by the splendour 
of their respective suns, and (^owded into a space bearing 
hardly a greater proportion to (%e enormous interval whicn 
separates them, than the distances of the satellites of our plan- 

* Page 67. t HerscheFs Astronomy, page 881. 

Are there, however, any instances where one star revolves with another around a 
common central When two stars are thus situated, what system are they said to 
form? WJiy is It thus denominated? What modem astronomers of great oelebrHy 
have established the truth of this theory? What rates of motion did they detect in 
these binary systems 1 What other interesting phenomena, indicating a mutual revo* 
luUon, did they discover? What is the most remarkable Instance of this foot? Men- 
tion some other instances. Are these revolving stars of a planetary nature ? Of what 
nature are they 7 



140 DOUBLE STARS. 

ets from their primaries, bear to their distances from the suk 
itself. , 

The examination of double stars was first tmdertaken by tlie late Sir WiUian 
Herschel, vnth a view to the question of parallax. His atteniion was, howeve:^ 
soon arrested by the new and unexpected plienomena which these bodies pre 
sented. Bir William observed of them, in all, 2100. Bir James South and Her 
schel liave given a catalogue of 380 in the Transactions of the Royal Society, fo^ 
1824, and South added 458, in 1826. Sir John Herschel, in addition to the above 
published an account of 1000^ before lie left England for the Cape of Good Hope, 
where he is, at the time we write, pushing his discoveries in the southern hem- 
isphere with great perseverance and success. Professor Struve, with the great 
Dorpat telescope, has given a catalogue of %063 of the most remarkable of these 
■tars. 

The object of these caialognes is not merely to fix the place of the star within 
such limits as will enable us easily to discover it at any future time, but also to 
record a description of the appearance, position, and mutual distances, of the 
individual stars composing the system, in order that subsequent observers may 
have the means of detecting their connected motions, or any changes which they 
mav exhibit Professor Struve has also taken notice of 52 triple stars, among 
which No. 11 of the Unicom, Zeta of Cancer, and Zt of the Balance, appear to 
be ternary systems in motion. Quadruple and quintuple stars have likewise 
been observed, which also appear to revolve about a common centre of gravity ; 
in short, every region of the heavens furnishes examples of these curious phe- 
nomena. '^ 

Colour of the Stars. — Many of the double stars exhibit the 
curious and beautiful phenomenon of contrasted colours, or 
complimentary tints. In such instances, the larger star is 
usually of a ruddy or orange hue, while the smaller one ap- 
pears blue or green, probably in virtue of that general law of 
optics, which provides, that when the retina is under the in- 
fluence of. excitement by any bright, coloured light, feebler 
lijB^hts, which seen alone would produce no sensation but that 
of whiteness, shall for the time appear coloured with the tint 
complimentary to that of the brighter. Thus, a yellow colour 
predominating in the light of the brighter star, that of the less 
bright one, in the same field of view, will appear blue ; while, 
if 3ie tint of the brighter star verge to crimson, that of the 
other will exhibit a tendency to OTeen — or even appear a vivid 
^reen. The former contrast is beautifi^ly exhibited by lota^ 
m Cancer ; the latter by Alm.aach^ in OTclromeda — both finp 
double stars. If, however, the coloured star be much the less 
bright of the two, it will not materially afiect the other. Thus, 
for instance. Eta Cassiopeise exhibits the beautiful combina- 
tion of a large white star, and a small one of a rich ruddy 
purple; 

It is not easy to conceive what variety of illumination two 
suns — a red and a green, or a yellow and a blue one — must 
afford to a planet revolving about either ; and what charming 

What beautiftil and curious phenomenon has been observed, as it regards the colour 
of double Btsrs } Explain how these colours are usually contrasted. Mention an ex- 
ample of 1Mb phenomenon. How, if the coloured star be much the less bright of the 
two, will the other be affected? Give an instance. What may be the ^ff^ of such a 
-— -*T of,coloi" in solar liffhti 
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contrasts and grateful vicissitudes — a r&i and a green day, 
for instance, alternating with ^ white one and with darknesa 
— might arise from the presence or absence of one or the other, 
or both, above the horizon. Insulated stars of a red colour, 
almost as deep as that of blood, occur in many parts of the 
?xeavens, but no green or blue star (of any decided hue) has, 
we believe, ever been noticed, unassociated with a companion 
brighter than itself. 

' Clusters. — When we cast our eyes over the concave sur- 
face of the heavens in a clear night, we do not fail to observe 
that there are, here and there, groutw of stars which seem to 
be compressed together more densely than those in the neigh- 
• bouring parts ; forming bright patches and clusters. 

There is a group called the Pleiades, in which six or seven 
stars may be noticed, if the eye be directed full upon it ; and 
many more if the eye be turned carelessly aside, while the at- 
tention is kept directed* upon the group. ' Telescopes show 
fifty or sixty large stars thus crowded together in a very mod- 
erate space, and comparatively insulated from the rest of the 
heavens. Rheita affirms that he counted 200 stars in this 
small cluster. The constellation, called Coma Berenices, is 
another group, more difiused, and consisting of much larger 
stars. 

In the constellation Cancer, there is a nebulous cluster of 
very minute stars, called PrcBsepe, or the Beehive, which is 
sa&ciently luminous to be seen by the naked eye, in the ab- 
sence of the moon, and which any ordinary spyglass will re- 
solve into separate stars. In the sword-handle ot Perseus, also, 
is another such spot, crowded with stars. It requires, however, 
rather a better telescope to resolve it into individual stars. 

These are called Clusters of Stars, Whatever be their 
nature, it is certain that other laws of aggregation subsist in 
these spots, than those which have determined the scattering 
of stars over the general surface of the sky. Many of them, 
indeed, are of an exactly round figure, and convey the idea 
of a globular space filled full of stars, and constituting, in it- 
self, a family or society apart, and subject only to its own 
internal laws. 

"It would be a vain task," says the yoimger Herschel, "to 

• " It is a very remarkable ftict," savs Sir John Herschel, "that the emtre of the 
visual organ is by for less sensible to feeble impressions of light, than tHe exterior 
portions of the retina."— ^sr. p. 398. 

4re Individual stars of a deep colour ever found separate from others i What are 
clusters of stars i Mention some Instance, nescribe it Mention some other Instance. 
Describe the posHion and appearance of Praaepe. Describe any other cluster whlcfc 
you may recollect What are the constitution and figure of such groups 1 ^What did 
the younger Herschel say of the number of stars which c<nnpose these clustezB? 
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attempt to count the stars in one of these globular clusters. 
They are not to be reckoned by hundreds ; for it would ap- 
pear that many clusters of this description must contain, at 
least, ten or twenty thousand stars, compacted and wedged 
together in a round space, not more than a tenth part as large 
as that which is covered by the moon. 

4. Nebula — The Nebula?, so called from their dim^ cloudy 
appearance, form another class of objects which furnish mat- 
ter for curious speculation, and conjecture respecting the for- 
mation and structure of the sidereal heavens. When exam- 
ined with a telesco|)e of moderate powers, the greater part of 
the nebulae are distinctly perceived to be composed of little 
stars, imperceptible to the naked eye, because, on account of 
their apparent proximity, the rays of light proceeding from 
each are blended together, in such a manner as to produce 
only a confused luminous appearance. 

In other nebulaj, however, no individual stars can be per- 
ceived, even through the best telescopes; and the nebulae 
exhibit only the appearance of a self-luminous or phosphores- 
cent patch of gaseous vapour, though it is possible that even 
in this case, the appearance may be owing to a congeries of 
stars so minute, or so distant, as not to afford, singly, sufficient 
light to make an impression on the eye. 

In some instances a nebula presents the appearance of a 
faint luminous atmosphere, of a circular form, and of large 
extent, surrounding a central star of considerable brilliancy. 

One of the most remarkable nebulaB is in the sword-handle 
of Orion. It is formed of little flocky masses, like wisps of 
cloud; which seem to adhere to many small stars at its out- 
skirts. It is not very unlike the mottling of the sun's disk, 
but of a coarser grain, and with darker intervals. These wisps 
of light, however, present no appearance of being composed 
of small stars ; but in the intervals between them, we fancy 
that we see stars, or that, could we strain our sight a little 
more, we should see them. These intervals may be compa- 
red to openings in the firmament, through which, as through 
a window, we seem to get a glimpse of other heavens, and 
brighter regions beyond. — Page 58. 

Another very remarkable nebula is that in the girdle of An- 
dromeda, which, on account of its being visible to the naked 
eye, has been known since the earliest ages of astronomy. It 
is often mistaken for a comet, by those unacquainted with the 

Why are the nebulae so called? Describe the usual appearances of nebulse, as seen 
through a telescope. What other appearance do nebulae sometimes exhibit? Mention 
aoDM Instances of the most remarkable nebulae. Describe the one in the swonh 
taaalle of Oxlon. Describe the one which Is in the ginile of Andromeda. 
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heayens. Marius, who noticed it in 1612, describes its ap- 
pearance as that of a candle shining through horn; and the 
resemblance is certainly very strikmg. Its form is a long 
oval, increasing, by insensible gradations of brightness, from 
the circumference to a central point, which, though very much 
brighter than the rest, is not a star, but only a nebula in a 
high state of condensation. No power of vision hitherto di- 
rected to this nebula has been able to resolve it into the least 
appearance of stars. It occupies an area comparatively large 
— equal to that of the moon in quadrature. — This nebula may 
be considered as a type, on a large scale, of a very numerous 
class of nebulae, of a round or oval figuxe, increasmg more or 
less in density towards the centre. 

Annular nebulce also exist, but are among the rarest ob- 
jects in the heavens. The most conspicuous of this class, is 
to be found exactly halfway between the stars Beta and 
Gamma Lyra3, and may be seen with a telescope of moderate 
power. It is small, and particularly well defined ; appearing 
like a fiat oval ring. Tne central opening is not entirely 
dark, but is filled with a faint, hazy light, uniformly spread 
over it, like a fine gauze stretched over a hoop. 

Planetary nebuUs are very extraordinary objects. They 
have, as their name imports, the appearance of planets, witn 
round or slightly oval disks, somewhat mottled, but approach- 
ing, in some instances, to the vividness of actual planets. 
Some of them, upon the supposition that they are equally dis- 
tant from us with the stars, must be of enormous magnitude. 
That one, for instance, which is situated in the left hand of 
Aquarius, must have a volume vast enough, upon the lowest 
computation, to fill the whole orbit of Herschel ! 

The nebulae furnish an inexhaustible field of speculation * 
and conjecture. That by far the larger number of them con- 
sists of stars, there can be little doubt ; and in the intermina- 
ble range of sy§tem upon system^ and firmament upon firma- 
ment, which vvc thus eaten a glimpse bf, the imagination is 
bewildered and lost. Sir William Herschel conjectured that 
the nebulae might form the materials out of which nature 
elaborated new suns and systems, or replenished the wasted 
light of older ones. But the little we Know of the physical 
constitution of these sidereal masses, is altogether insufficient 
to warrant such a conclusion. 

Of what class of nebulae may this be considered as a type? What other species of 
nebulae exist in the heavens? Describe the most conspicuous of this class. What 
other species of nebulae aie more rarely found? Describe the appearance of planetary 
nebulae. What do we know In regard to their magnitude? How laise must tlie one ba 
which is situated In the left hand of Aquarius ?^rhat did Sir WUItam Herschel c^ 
lecture as to the use of the nebulas? .Have we &ct8 suiBdent to wanant suidi a con- 
jectureY 
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CHAPTER XIV. 
VIA LACTEA. 

"Thronghoutthe Galaxy's extended line, 
Unnumbered' orbs in gay confusion shine : 
Where every star that gilds the gloom of night 
With the faint tremblings of a distant ligh^ 
Perhaps illumes some system of its own, 
With tbe strong influence of a radiant sun."— JMrff. Carter 

There is a luminous zone or pathway of singular white- 
Bess, varying from 4° to 20° in width, which passes quite 
round the heavens. The Greeks called it Galaxy, on ac- 
count of its colour and appearance : the Latins, for the same 
reason, called it Via Lactea, which, in our tongue, is Alilki/- 
Way, 

Of all the constellations which the heavens exhibit to our 
riew, this fills the mind with the most indescribable gran- 
deur dnd amazement. When we consider what unnumbered 
millions of mighty suns compose this cluster, whose distance 
is so vast that the strongest telescope can hardly separate 
their mingled twilight into distinct specks, and that the most . 
contiguous of any two of them may be as far asunder as our 
sun is from them, we fall as far short of adequate language 
to express our ideas of such immensity, as we do of instru- 
ments to measure its boundaries. 

It is one of the recent achievements of astronomy that has 
resolved the Milky- Way into an infinite number of small 
stars, whose confused and feeble lustre occasions that pe- 
culiar whiteness which we see in a clear evening, when the 
moon is absent. It is also a recent and well accredited doc- 
trine of astronomy, that all the stars in the universe are ar- 
ranged into clusters, or groups, which are called NEBULis or 
Starry Systems, each of which consists of many thousands 
of stars. 

The fixed star which we call our Sun, belongs, it is said, 
to that extensive nebula, the Milky- Way ; and although ap- 
parently at such an immeasurable distance from its fellows, 
IS, doubtless, as near to any one of them, as they are to one 
another. 

Of the number and economy of the stars which compose 
this group, we have very little exact knowledge. Dr. Her- 
schel informs us that, with his best glasses, he^sdw and 

What do you understand by the Milky- Way ? By what different names is It called! 
Why does the contemplation of this constellation fill the mind with ideas of grandeur 
and amazement? What causes the whiteness of the Milky- Way 1 Into what are all 
the stars In the universe arranged? To what nebula does the sun belong, and what 
IB probably Its distance from Its fellows! What knowledge have we of the number and 
•Mmomy of the stars in this group) 



^' 
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t^ounted 588 stars in a single spot, without moving his tele- 
scope ; and as the gradual motion of the earth carried these 
out of view and introduced others successively in their places, 
while he kept his telescoj)e steadily fixed to one point, "there 
passed over his field of vision, in the space of one quarter of 
an hour, no less than one hundred and sixteen thousand 
stars, and at another time in forty-one minutes, no less than 
two hundred and fifty-eight thousand?^ 

In all parts of the Milky- Way he found the stars unequally 
dispersed, and appearing to arrange themselves into separate 
clusters. In the small space, for example, hetween Beta and 
Sad'r, in Cygni. the stars seem to be clustering in two di- 
visions ; each division containing upwards of one hundred 
and sixty-five thousand stars. 

At other observations, when examining a section of the 
Milky- Way, not apparently more than a yard in breadth, and 
six in length, he discovered ^/fw thousand stars, large enough 
to be distinctly counted ; and he suspected twice as i^any 
more, which, for want of sufficient light in his telescope, he 
saw only now and then. 

It appears from numerous observations, that various changes 
are takmg place among the nebulae — that several nebulse are 
formed by the dissolution of larger ones, and that many ne- 
bulae of this kind are at present detaching themselves from 
the Milky- Way. In that part of it which is in the body of 
Scorpio, there is a large opening, about 4° broad, almost 
destitute of stars. These changes seem to indicate that 
mighty movements and vast operations are continually going 
on in the distant regions of the universe, upon a scale of mag- 
nitude and grandeur which baffles the human understanding. 

More than two thousand five hundred nebulae have already 
been observed ; and, if each of them contains as many stars 
as the Milky-Way, several hundreds of millions of stars must 
exist, even within that portion of the heavens which lies open 
to our observation. 

" O what a confluence of ethereal fires, 
From urns annuinber'd down the steep of heaven 
Streams to a point, and centres on my sight" 

Although the Milky- Way is more or less visible at all 
seasons of the year, yet it is seen to the best advantage du- 
ring the months of July, August, September, and October. 
When Lyra is on, or near the meridian, it may be seen 

How many did Dr. Herschel count in a single spot during the space of 15 minutes? 
How did he find the stars dispersed, throughout the Milky- Way? Give an examole. 
Give another instance. What changes are taking place in the Millcy-Way and other 
nebulas? What do these chancres Indicate? How many nelrals have been discovered ? 
If each rtf these nebules contains u many stars as the Milky- Way, how many staw 
mast exist even in that portion of the heavens which lies open to our observaUuQ? 
Where and at what period may the Blllky-Way be seen to tbe best advantage? 

13 
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stretching obliquely over the hearens from northeast to south* 
west, gradually moving over the firmament in common with 
other constellations. 

Its form, breadth and appearance are various, in different 
parts of its course. In some places it is dense and luminous ; 
m others, it is scattered and faint. Its breadth is often not 
more than five degrees ; though sometimes it is ten or fifteen 
degrees, and even twenty. In some places it assumes a 
double path, but for the most part it is single. 

It may be traced in the heavens, besniming near the head of Cephcus, about 
90^ from tiie north pole, through the constellations Cassiopeia, Perseus, Auriga, 
and part of Orion and the feet of Gemini, where it crosses the Zodiac ; thence 
over the equinoctial into the southern hemispliere, through Monoceros, and the 
middle of the ship Argo, where it is most luminous, Charles's Oak, the Cross, the 
feet of the Centaur, and the Altar. Here it is divided into two branches, as it 
passes over the Zodiac again into th? northern hemisphere. One branch runs 
through the tail of Scorpio, the bow of Sagittarius, the shield of Sobieski, the feet 
of Antinous, Aquila, Delphinus, the Arrow, and the Swan. The other branch 
passes through the upper part of the tail of Scorpio, the side of Serpentarius, 
Taurus Poniatowski, the €roose and the neck of the Swan, where it again unites 
with the other branch, and passes on to the head of Cepheus, the place of its be- 
ginning. 

* There are several other nebulae in the heavens as large as 
the Milky-Way, but not visible to the naked eye, which may 
exhibit the phenomenon of a lucid zone to the planetary 
worlds that may be placed within them. 

Some of the pagan philosophers maintained that the Milky- Way was formerly 
the sun's path, and that its present luminous appearance is the track which its 
scattered beams left visible in the heavens. 

The ancient poets and even philosophers, speak of the Galaxy, or Milky- Way, 
as the path which their deities used in the heavens, and which led directly to the 
tbrcMie of Jupiter. Thus, Ovid, in his Metamorphoses, Book i. :— 
"A way there is in heaven's extended plain. 
Which when the skies are clear is seen below, 
And mortals, by the name of Milky, know ; 
The groundwork is of stars, through which the road 
Lies open to the Thunderer's abode." 
Jfilton alludes to this, in the following lines :— 

V A broad and ample road, whose dust is gold. 
And pavement, stars, as stars to thee appear. 
Seen in the Galaxy, that Milky- Way, 
Which niehtly, as a circling zone, thou seest 
Powdered with stars." 



CHAPTER XV. 

ORIGIN OP THE CONSTELLATIONS. 

The science of astronomy was cultivated by the imme 
diate descendants of Adam. Josephus informs us that the 

Describe the breadth and appearance of the Milky-YTay. How may it he traced in 
the heavens 7 Are there other nebulae in the heavens as large as the Milky- Way ? How 
early was the science of astronomy cultivated ? What authority have we for affixing 
■0 fxrly a date to the science 3 
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sons of Seth employed themselves in the study of astronomy ; 
and that they wrote their ohservations upon two pillars, one 
of brick, ana the other of stone,* in oider to preserve them 
against the destruction which Adam had foretoW should come 
upon the earth. He also relates, that Abraham argued the 
unity and power of God, from the orderly course of things 
both at sea and land, in their times and seasons, and from his 
observations upon tne motions and influences of the sun. 
moon, and stars ; and that he read lectures in astronomy ana 
arithmetic to the Egyptians, of which they understood noth- 
ing till Abraham brought these sciences from Chaldea to 
Egypt ; from whence they passed to the Greeks. 

Berosus also observes that Abraham was a great and just 
man, and famous for his celestial observations ; the making 
of which was thought to be so necessary to the human weC 
fare, that he assigns it as the principal reason of the Al- 
mighty's prolonging the life of man. This ancient historian 
tells us, in his account of the longevity of the antediluvians, 
that Providence found it necessary to prolong man's days, in 
order to promote the study and advancement of virtue, and 
the improvement of geometry and astronomy, which required, 
at least, six hundred years for making and perfectmg obser- 
vations.! 

When Alexander took Babylon, Calisthenes found that the 
most ancient observations existing on record in that city, were 
made by the Chaldeans 'about 1903 years before that period^ 
which carries us back to the time of the dispersion of mankind 
by the confusion of tongues. It was 1500 years after this 
that the Babylonians sent to Hezekiah, to inquire about the 
shadow's going back on the dial of Ahaz. 

It is therefore very probable that the Chaldeans and Egyp- 
tians were the original inventors of astronomy ; but at wnat 
period of the world they marked out the heavens into constel- 
lations, remains in uncertainty. La Place fixes the date 
thirteen or fourteen hundred years before the Christian era, 
since it was about this period, that Eudoxus constructed the 
first celestial sphere upon which the constellations were de- 

* Josephus affirms, that "be saw himself that of stone to xemaln in fljrria In Ida 
own time." 
t vince's Complete System of Astronomy, Vol. 11. p. 944. 

What does Josephus relate concerning Abraham's knowledge of astronomy? Who, 
does he say, first iiitroduced this science into Egypt? What other historian of remote 
aiiUquity speaks of Abraham's attention to this science? What reason does Berosus 
assign for the longevity of Uie antediluvians ? When Alexander took Bai)y1on, what 
ancient observations did he find in that city? To what period of the world do these 
observations carry us back? How long after this was it that the Babylonians sent to 
Hezekiah, to inouire about the shadow's going back on the dial of Ahaz ? Who. Uien, 
may wc conclude, were the origbial inventors of astronomy, and at what period oM 
tbey arrange the fixed stars into constellations ^ When does La Place fix the data f 
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lineated.* Sir Isaac Newton was of opinion, that all the old 
constellations related to the Argonautic expedition, and that 
^ey wefe invented to commemorate the heroes and events of 
that memorahle enterprise. It should be remarked, however, 
that while none of the ancient constellations refer to transac- 
tions erf* a later date, yet we have various accounts of them, 
of a much higher antiquity than that event. 

Some of the most learned antiquarians of Europe have 
searched every page of heathen inythology, and ransacked all 
the legends ot poetry and fable for the purpose of rescuing 
this subject from that impermeable mist which rests upon it, 
and they have only been able to assure us, in general terms, 
that they are Chaldean or Egyptian hieroglyphics, intended 
to perpetuate by means of an imperishable record, the memory 
of the times in which their inventors lived, their religion and 
manners, their achievements in the arts, and whatever in their 
history, was most worthy of being commemorated. There 
was at least, a moral grandeur in this idea ; for an event thus 
registered, a custom thus canonized, or thus enrolled among 
the stars, must needs survive all other traditions of men, and 
stand forth in perpetual characters to the end of time. 

In arranging the constellations of the Zodiac, for instance, 
it would be natural for them, we may imagine, to represent 
those stars which rose with the sun in the spring of the year, 
by such animals as the shepherds held in the greatest esteem 
at that season; accordingly, we find Aries, Taurus, and 
Gemini, as the symbols of March, April, and May. 

♦ The usual size of artificial globes, designed to represent the celestial sphere. Is 
Irom 9 to M Inches In diameter. Globes have been recently constructeil tn Germany, 
which are said to be more splendid and complete than any In the world. The largeat 
fotT made are that of Gottorp, two In the library of the late king of France, and one 
In Pembroke collesre, Camhiiilge. 

The globe of Gottorp, now in the Academy of Sciences at Petersburg, is a large 
nollow sphere, eleven and a half feet in diameter, containing a table and seats fbr 
twelve persons. The Inside represents the visible surface of the heavens, l^spansrled 
with glided stars, rcui?ed in their proper order and magniUwle, and by means of a cu- 
nous piece of mechanism bv which it is put in motion, exhibits the true position of 
the stars, at any time, together with their rising and setting. The convex surface, or 
outside of this glolie, represents the terrestrial sphere. 

In 1704, two glot»es of eqnal dimensions, it Is said, were maile for Canllnal d'Estrees, 
ny Comelli, a Veidtlan, and deiiositeil in the king's library at Paris. These, however, 
are for Inferior In size to one of similar construction, erected at Pembroke collese, in 
the IJnlversIty of Cambridge, by the late Dr. Long, president of that institution. This 
Is a hollow sphere, sufficiently capacious to admit thirty persons to sit wffhin It, 
Where they can observe the artlflcial world of stars and planets, revolving over their 
Imiuls.ln the same order as they are seen In the heavens. This sphere Is eighteen feet 
in ulameter. 



What oplnlcm has Sir Isaac Newton advanced upon this subiect? Have we however, 
my accounts of the constellations, of a higher antiquity than that event? Do anv of 
tiMs ancient constellaUons refer to transactions of a later date? What have the most 
jearned antiquarians of Europe done upon this subject, and of what do they assure us J 
Htow long would the memory of an action, or event, thus registered, be Jlkely to 
moufe} In armnglng the constellations of the Zodiac, how waa It natural to represent 



CONSTELLATIONS. 149 

When the sun enters the sign Cancer, .at the summer sol- 
5: i e, he discontinues his progress towaras the north pole, and 
I V ins to return towards the south pole. This retrograde mo* 
rion was fitly represented by a Crab, which is said to go back- 
\\ Mrds. The sun enters this sign about the 22d of June. 

The heat which usually follows in the next month, was 
represented by the Lion ; an animal remarkable for its fierce- 
ness, and wmch at this season was frequently impelled by 
thirst, to leave the sandy desert, and make its appearance on 
the banks of the Nile. 

The sun entered the sixth sign about the time of harvest, 
which season was therefore represented by a Virgin, or female 
reaper, with an ear of com in her hand. 

At the autumnal equinox, when the sun enters Libra, the 
days and nights are equal all over the world, and seem to ob- 
serve an equilibrium or balance. The sign was therefore 
represented under the symbol of a pair of Scales. 

Autmnn, which produces fruit in great abundance, brings 
with it a variety of diseases^ and on this account was repre- 
sented by that venomous anunal the Scorpion, which, as he 
recedes, wounds with a sting in his tail. The fall of tne leaf 
was the season for hunting, and the stars which mark the 
sun's path at this time were represented by a huntsman, or 
archer, with his arrows and weapons of destruction. 

The Croat, which delights in climbins and ascending some 
mountain or precipice, is the emblem of the winter solstice, 
when the sun begins to ascend from the southern tropic, ana 
gradually to increase in height for the ensuing half year. 

Aquanus, or the Water-Bearer, is represented by the %ure 
of a man pouring out water from an urn, an emblem of the 
dreary and uncomfortable season of winter. 

The last of the zodiacal constellations was Pisces, or a 

couple of fishes, tied back to back, representing the nshing 

season. The severity of winter is over; the flocks do not 

afibrd sustenance, but the seas and rivers are open and abound 

with fish. 

"Thus monstrous forms, o'er heaven's nocturnal arch 
Seen b^ the sage, in pomp celestial march ; 
Bee Anes there his glittering bow unfol<l » 
And raging Taurus toss his horns of cola ; 
With bended bow the sullen Archer lowers, 
And there Aquarius comes with all his ahowen ; 

What sign was represented under the flgare of a Crab, and why? When does the 
'.un enter this sign 7 What animal represented the heat of summer, and why 1 When 
does the sun enter the sixth sign, and how is this season representedi Why was the 
sign which the sun enters at the autumnal equinox represented under the symDcu of 
a Balance ? Why were the autumnal signs, Scoipio and Saglttartus, repiesentad as 
- the Goat representi What is sigi^St by the Walbn-Bmnxt 



they are? What does 

What do the Fishes repnsent) 



13* 



150 ORIGIN or THF 

Lions and Centaurs, Gorgons. Hydras rise, 
And godfi and heroes blaze along the skies."* 

Whatever may have led to the ado])tion of these nide names 
at first, they are now retained to avoid confusion. 

The early Greeks, however, displaced many of the Chal- 
dean constellations, and substituted such images in their place 
as had a more special reference to their own history. The 
Romans, also, pursued the same course with regard to their 
history ; and hence the contradictory accounts that have de- 
scended to later times. 

Some, moreover, with a desire to divest the science of the 
stars of its pagan jargon and profanity, have been induced to 
alter both the names and figures of the constellations. In 
doing this, they have committed the opposite fault ; that of 
blending tnem with things sacred. The " venerable Bede," 
for example, instead of the profane names and figures of the 
twelve constellations of the Zodiac, substituted those of tbe 
twelve apostles, Julius Schillerius, following his example, 
completed the reformation in 1627, by giving Scripture names 
to all the constellations in the heavens. Weigelius, too, a 
celebrated professor of mathematics in the university of Jena, 
made a new order of constellations, by converting the firma- 
ment into a ccELUM heraldicdm, in which he introduced the 
arms of all the princes of Europe. But astronomers, gene- 
rally, never approved of these innovations ; and for ourselves, 
we had as lief the sages and heroes of antiquity should con- 
tinue to enjoy their fancied honours in the sky, as to see their 
places supplied by the princes of Europe. 

The number of the old constellations, including those of 
the Zodiac, was only forty-eight. As men advanced in the 
knowledge of the stars^ they discovered many^ but chiefly in 
southern latitudes, which were not embraced in the old con- 
stellations, and hence arose that mixture of ancient and mod 
em names which we meet with in modern catalogues. 

* The cnder of the signs is thus described by Dr. Watts :— 

The Ram, the BuU, the heavenly Ttoiru 

And next the Crab, the Lion shines, 

The Virgin, and the Scaies; 

The Scorpion, Archer, and Sea-Goat, 

The Man that holds the Water-Pot, 

And Pith, with glittering tails. 
Similar to this are the Latin verses :— 

Sunt, ariee, taurue, gemini, cancer, leo, virgo, 
LUtratpu, 8Corpiu9, arcitenens, caper, amphora, places. 

Why have attempts been made to change the names and figures of the ancient con- 
■tellations? What &ult has been commuted in doing this? What did the veneral)le 
Bede substitute for the profane names and figures of the twelve constellations of the 
Zodiacf Who followed his example, and to what extent? What other change waa 
attempted, and by whom) Have astronomers generally approved of these innov«r 
Uons) What was the number of the old constellations i whence is the mixture of 
mdent and modem names which we meet with in modern catalogues? 



CONSTELLATIONS. 151 

Astronomers divide the heavens into three parts, called the 
northern and southern hemispheres, and the Zodiac. In the 
northern hemisphere, astronomers usually reckon thirty-four 
constellations ; 4n the Zodiac twelve, and in the southern 
hemisphere forty-seven ; making, in all, ninety-three. Besides 
these, there are a few of inferior note, recently formed, which 
are not considered sufficiently important to be particularly 
described. 

About the year 1603, John Bayer, a native of Germany, 
invented the convenient system oi denoting the stars in each 
constellation by the letters of the Greek alphabet, applying 
to the largest star the first letter of the alphabet ; to the next 
largest the second letter, and so on to the last. Where there 
are more stars in the constellation than there are Greek let- 
ters, the remainder are denotedby the letters of the Roman 
alphabet, and sometimes by figures. By this system of no- 
tation, it is now as easy to refer to any particular star in the 
heavens, as to any particular house in a populous city, by its 
street and number. 

Before this practice was adopted, it was customary to de- 
note the stars by referring them to their respective situations 
in the figure of the constellation to which they severally be- 
longed, as the head, the arm, the foot, &c. 

It is hardly necessary to remark that these figures, which 
are all very curiously depicted upon artificial globes and maps, 
are, purely, a fanciful invention — answering many convenient 
ends, however, for purposes of reference and classification, as 
they enable us to designate with facility any particular star, 
or cluster of stars ; though these clusters very rarely, if ever, 
represent the real figures of the object whose names they bear. 
And yet it is somewhat remarkable that the name of " Great 
Bear," for instance, should have been given to the very same 
constellation by a nation of American aborigines, (the Iro- 
quois,) and by the most ancient Arabs of Asia, when there 
never had been any communication between them ! Among 
other nations, also, between whom there exists no evidence 
of any intercourse, we find the Zodiac divided into the same 
number of constellations, and these distinguished by nearly 
the same names, representing the twelve months, or seasons 
of the year. 

The history of this whimsical personification of the stars 
carries us bact to the earliest times, and introduces us, as we 
have seen, to the languages and customs,- the religion and 

How do astionomers usually divide the heavens, and what is the number of con- 
stellations in each division? what convenient system of notation has t)een invented 
for denoting the stars in each constellation) Who Invented this system ? Before this 
method was introduced^ what was the practice? 
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poetry, the sciences and arts, the tastes, talents, and peculiar 
genius, of the early nations of the earth. The ancient Atlau- 
tides and Ethiopians, the Egyptian priests, the magi of Per- 
sia, the shepherds of Chaldea^ the Bramins of India^ the man- . 
darins of China, the Phoenician navigators, the philosophers 
of Greece, and the wandering Arabs, have all added more 
or less to these curious absurdities and ingenious inven- 
tions, and Have thus registered among the stars, as in a sort 
of album, some memorial of themselves and of the times in 
which they lived. The constellations, or the uncouth figures 
by which they are represented, are a faithful picture of the 
ruder stages of civilization. They ascend to times of which 
no other record exists ; and are destined to remain when all 
others shall be lost. Fragments of history, curious dates and 
documents relating to chronology, geography, and languages, 
are here preserved in imperishable characters. The adven- 
tures of the gods, and the inventions of men, the exploits of 
heroes, and the fancies of poets, are here spread out in the 
heavens, and perpetually celebrated before all nations. The 
Seven stars, and Orion, present, themselves to us, as they 
appeared to Amos and Homer : as they appeared to Job, more 
than 3000 years ago, when the Almighty demanded of him — 
" Knowest thou the ordinances of heaven ? Canst thou bind 
the sweet influences of the Pleiades, or loose the bands of 
Orion ? Canst thou bring forth Mazzaroth in his season, 
or canst thou guide Arcturus with his sons ?" Here, too, 
are consecrated the lyre of Orpheus, and the ship of the Ar- 
gonauts ; and, in the same firmament, glitter the mariner's 
compass and the telescope of Herschel. 



CHAPTER XIV. 

NUMBER, DISTANCE, AND ECONOMY OF THE STARS. 

The first conjecture in relation to the distance of the fixed 
stars, is,uhat they are all placed at an equal distance from the 
observer, upon the visible surface of an immense concave 
vault, which rests upon the circular boundary of the world, 
and which we call the Firmament,\ 

I estimate of their 
: enabled us to 
».^x... »v «.uj w^»v.w .^0ux,.o x^u ^t^xo ou^j^N^v, «Ithou^h it has re- 
vealed to us many millions of stars that are as far removed 

What in the first con^ectare which we fonn In relation to the distanoei of the fixed 
»tarit 1 Whst meanii have we for ascertalninj; their number and distance } 
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beyond those which are barely visible to the naked eye, as 
these are from us. I Viewed through the telescope, the hea- 
vens become quite another spectacle — not only to the under- 
standing, but to the senses. New worlds burst upon the sight, 
and old ones expand to a thousand times their former dimen- 
sions. Several of those little stars which but feebly >twinkle 
on the unassisted eye, become immense globes, with land 
and water, mountains and valleys, encompassed "by atmos- 
pheres, enlightened by moons, and diversified by day and 
night, summer and winter. 

Beyond these are other suns, giving li^ht and life to other 
systems, not a thousand, or two thousand merely, but multi- 
plied without end, and ranged all around us, at immense dis- 
tances from each other, attended by ten thousand times ten 
thousand worlds, all in rapid motion ; yet calm, regular and 
harmonious — all space seems to be illuminated, and every 
particle of light a world. 

It has been computed that one hundred millions of stars 
which cannot be discerned by the naked eye, are now visibU 
through the telescope. And yet all this vast assemblage of 
suns and worlds may bear no greater proportion to what lies 
beyond the utmost boundaries of human vision, than a drop 
of water to the ocean ; and, if stricken out of being, would be 
no more missed, to an eye that could take in the universe, 
than the fall of a single leaf from the forest. 

We should therefore learn, (says an eminent divine of the 
present century,*) not to look on our earth as the universe of 
Grod, but as a single, insignificant atom of it ; that it is only 
one of the many mansions which the Supreme Being has 
created for the accommodation of his worshippers ; and that 
he may now be at work in regions more distant than geome- 
try ever measured, creating worlds more manifold than num* 
hers ever reckoned, displaying his goodness, and spreading 
over all, the intimate visitations of his care. 

The immense distance at which the nearest stars are known 
to be placed, proves that they are bodies of a prodigious size, 
not inferior to our sun^ and that they shine, not by reflected rays, 
but by their own native light. It is therefore concluded, with 
good reason, that every fixed star is a sun, no less spacious 
than ours, surrounded by a retinue of planetary worlds, which 



How do Uie heavens appear tbroogh the telescope? What are beyond those HtUe 
stars which are scarcely visible to the naked eye? How many stars are visible 
Utrough the telescope 7 What proportion may this vast assemblage of suns and worlds 
bear to what lies beyond the utmost boundaries of human vtsionf How should we 
town flnom this to regard our own earth? What does the Immense distance of the stars 
poroye In regard to their magnitude and light? 

13* 
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revolye around it as a centre, and derive from it light and 
heat, and the agreeable vicissitudes of day and night. 

These vast globes of light, then, could never have been de- 
signed merely to diversify the voids of infinite space, nor to 
shed a few glimmering rays on our far distant vvorld, for the 
amusement of a few astronomers, who, but for the most pow- 
erful telescopes, had never seen the ten thousandth part of 
them. We may therefore rationally conclude, that wherever 
the All-wise Creator has exerted his creative power, there 
also he has placed intelligent beings to adore his goodness. 

Hipparchus, the father of astronomy, first made a catalogue of the fixed 
stars. It contained 10;i2. The accuracy with which the places of these were 
recorded, has conferred essential benefit upon the science, and has enabled us 
to solve many celestial phenomena and problems of chronology, which other> 
wise had been difficult. 

During the iSth century, upwards of 100,000 were catalogued by the various 
astronomers of Europe, and their position in the heavens determined with an 
exactness that seldom varied a second from the truth ; insomuch that it has 
been justly remarked, that "there is scarcely a star to be seen in the heavens, 
whose place and situation is not better known than that of most cities and towns 
upon the earth." 

But the stargazers of our times are not idle. Professor Bessell of Konigs- 
berg, observed in three years, it is asserted, between 30,000 and 40,000 stars, 
comprehended within a zone of 15° op each side of the equator ; but even this 
great number is but a small portion of the whole number which lie within the 
umit of the zone which he examined. To procure a more complete survey, the 
academy of Berlin proposed that this same zone should be parcelled out among 
twenty-four observers, and that each should confine himself to an hour of right 
ascension, and examine it in minute detail. This plan was adopted ; and the Idth 
liour was confided to Professor Inghirami, of Florence, and examined with so 
much care, that the positions of 75.000 stars in it, have been determined. Pro- 
fessor M. Struve, of the Dorpat university, has examined in person, 120,000 stars, 
of which 800 (double ones) were before unknown to science. 

The labours of Sir Wm. Herschel were chiefly devoted to exploring the sys- 
tems of nebulae and double stars that lie, for the most part^ beyond the reach of 
ordinary telescopes. No fewer than two thousand Jive hundred nebulae were 
observed by this indefatigable astronomer, whose places have been computed 
i7t>m his observations, reduced to a common epoch, and arranged into a cata- 
logue in order of their right ascension, by his sister Miss Caroline Herschel, 
a lady so iustly celebrated in Europe for her astronomical knowledge and dis- 
coveries, but whose name, strange as it is, is seldom mentioned in this country. 
Be it remembered, nevertheless, for her fame, that she discovered two of the 
satellites of the planet which bears her brother's name, besides a multitude of 
comets. 

The greatest possible ingenuity and pains have been taken 
by astronomers to determine, at least, the approximate dis- 
tance of the nearest fixed stars. If they have hitherto been 
unable to arrive at any satisfactory result, they have at least, 
established a limit beyond which the stars must necessarily 
be placed. If they have failed to calculate their true distan- 
ces from the earth, it is because they have not the requisite 
data. The solution of the problem, if they had the data, 
would not be more difficult than to compute the relative dis- 

Wbat conclusion may be drawn from this flict as to their great design 1 What pains 
have astronomers taken to find the distance of the stars, and what result have they 
eome toT For what reason have they fUled to calculate their distance? Is the prob- 
lem a difficult one 7 
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tances of the pknets — a thing which any sohool-boy can do. 
In estimating so great a distance as the nearest fijced star, 
it is necessary that we employ the longest measure which 
astronomy can use. Accordingly, we take the whole diame- 
ter of the earth's orbit, which, in round numbers, is 190 millions 
of miles, and endeavour, by a simple process in mathematics, 
to ascertain how many measures of this length are contained 
in the mighty interval which separates us from the stars. 

The method of doing this can be explained to the appre- 
hension of the pupil, if he does not shrmk from the illustra- 
tion, through an idle fear that it is beyond his capacity. 

For example ; suppose that, with an instrument construct- 
ed for the purpose, we should this night take the precise bear- 
ing or angular direction from us of some star in the northern 
hemisphere, and note it down with the most perfect exact- 
ness, and, having waited just six months, when the earth 
shall have arrived at the opposite point of its orbit, 190 mill- 
ions of miles east of the place which we now occupy, we 
should then repeat our observation upon the same star, and 
see how much it had changed its position by our travelling 
so great a distance one side of it. Now it is evident, that if 
it changes its apparent position at all, the quantity of the 
change will bear some proportion to the distance gone over ; 
that is, the nearer the star, the greater the angle ; and the 
more remote the star, the les^ the angle. It is to be observed, 
that the angle thus found, is called the star's Annual Par- 
allax, 

But it is found by the most eminent astronomers of the 
age, and the most perfect instruments ever made, that this 
parallax does not exceed the four thousandth part of a de- 
gree, or a single second ; so that, if the whole great orbit of 
the earth were lighted up into a globe of tire 600 millions of 
miles in circumference, it would be seen from the nearest star 
only as a twinkling atom ; and to an observer placed at this 
distance, our sun, with its whole retinue of planetary worlds, 
would occupy a space scarcely exceeding the thickness of a 
spider's web.* li the nearest of the fixed stars are placed at 

* A just Idea of tbe import of this term, will impscrt a force and sublimity to an ex- 
pression of St. James, which no power of words could improve. It is said, Chapter 1. 
verse 17., of Him from whom cometh down every good and perfect gift, that there Is 
" oi/« in ^AfAKKtryn ti rpoTrns aTrwxUa-fjut" Literally, There is "neUher par- 
dOax nor shadmo of change :" As if the apostle had said— Pcradventure, that in tra- 
vellinfc millions and millions of miles throuchthe regions of immensity, there maybe 
a sensible parallax to some of the fixed stars ; yet, as to the Father of Lights, view 
him from whatever point of his Empire we may, he U withovi parallax or sfiaduw qf 
eha nee ! 

What measure Is employed in estimating the distances of the fixed stars? How 
l8 it used) What is the anele thus fbund called? What is tbe greatest magnitude of 
the annual parallax? 
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such inconceivable (Usances in the regions of space, -with 
what line shall we measure the distance of those which are 
a thousand or a million of times as much farther from them, 
as these are from us. 

If the annual parallax of a star were accurately known, it 
would be easy to compute its distance by the following rule : 
As the sine of the star's parallax : 
Is to radius, or ninety degrees : : 
So is the Earth's distance from the sun: 
To the star's distance from the sun. 
If we allow the annual parallax of the nearest star to be 
1", the calculation will be, 
As 0.0000048481368=Nat. Sine of 1". 
Is to 1.0000000000000=Nat. Sine of 90°. 
So is 95,273,868.867748554=Earth's distance from the son. 
To 19,651,627,683,449=Star's distance from the sun. 

In this calculation we have supposed the earth to be placed at the mean dis- 
tance of 24,047 of its own semi-diameters, or 95,273,868.867748554 miles from the 
sun, which makes the star's distance a very little less than twenty billions of 
miles. Dr. Herschel says that Sirins cannot be nearer than 100,000 times the 
diameter of the earth's orbit, or 19,007,788,800,000 of miles. 

Biof, who either takes the earth's distemce greater than he lays it down in his 
Trait e' Elementaire d* Astronomic Physique^ or has made an errour in fiffure& 
makes the distance 20,086,868,036,404. Dr. Brewster makes 1120,159,665,000,000 
miles. A mean of these computations, is 20 billions ; that is, 20 millions of nii]l> 
ions of miles, to a parallax of 1" 

Astronomers are generally agreed in the opinion that the annual parallax of 
the stars is less than V% and consequently that the nearest of them is placed at 
a much greater distance from us, than these calculations make it. It was, how- 
ever, announced during the last year, that M. D'Assas, a French astronomer, 
had satisfactorily established the annual parallax of Keid, (a small star 8^ N. or 
Gamma Eridani,) to be 2", that ofRigel, in Orion to be 1". 43, and that of Sirtua 
to be 1". 24. If these results may be relied on, Keid is but 10 billions. Rigel but 
14 billions,. and Sirius 16 billions of miles from the earth. This latter distance is, 
however, so great that, if Sirius were to fall towards the earth at the rate of a 
million of miles a day, it would take it forty three thousand, three hundred years 
to reach the earth ; or, if the Almigrhty were now to blot it out of the heavens, its 
brilliance would continue undiminished in our hemisphere for the space of three 
years. 

The most hrilliant stars, till recently, were supposed to be 

situated nearest the earth, but later observations prove that 

this opinion is not well iounded, since some of the smaller 

stars appear to have, not only a greater annual parallax, but 

an absolute motion in space, much greater than those of the 

brightest class. 

What conclusion may be drawn from this tect In regard to the distances of the fixed 
stars? If the annual parallax of a star were known, bv what simple rule could 
yow compute its distance? If we allow the annual parallax of the nearest star to be 
I", what will its distance be ? What U a mean ^the caletUati&ns of different astron- 
omerx, for a parallax qfi"? What recent observations indicate a greater paralUue 
to some of the stars 1 If the parallax qf Sirius be l" .34, tohat will be its distance 7 
How long would it require, missing through this distance, at the rate of a minion of 
tniiet a day, to reach the earth, and how long would its light continue, umdiminUthed 
to us, toere it to be blotted from the heavens 7 What has been supposed to be the rela- 
tlTf distance of the most brilliant stars flrom the earth J What do later observations 
prove, tn regard to this opinion? 
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It has been computed that the light of Sirius, althou^ 

twenty thousand million times less than that of our Sun, is, 

nevertheless, three hundred and twenty-four times greater than 

that of a star of the sijfth magnitude. If we suppose the two 

stars to be really of the same size, it is easy to show that the 

star of the sixth magnitude is fifty-seven and one third times 

farther from us than Sirius is. because light diminishes as the 

square of the distance of the luminous body increases. 

By the same reasoning it may be shown, that if Sirius were placed where thtt 
suii is, it would appear to us to be four times as lai^ge as the Sun, and give four 
times ail much light and heat. It is by no means unreasonable to suppose, that 
many of the fixed stars exceed a million of miles in diameter. 

We may pretty safely affirm, then^ that stars of the sixth 
magnitude, are not less than 900 millions of millions of miles 
distant from us ; or a million of times farther from us than the 
planet Saturn, which is scarcely visible to the naked eye. 
But the human mind, in its present state, can no more appre- 
ciate such distances than it can infinity ; for if our earth, 
which moves at more than the inconceivable velocity of a mill- 
ion and a half of miles a day, were to be hurried from its orbit, 
and to take the same rapid flight over this immense traet, it 
would not traverse it in sixteen hundred thousand years; 
and every ray of light, although it moves at the rate of one 
hundred and ninety-three thousand miles in a single second 
of time, is more than one hundred and seventy years in com- 
ing from the star to us. 

But what is even this, compared with that measureless ex- 
tent which the discoveries of the telescope indicate? Ac- 
cording to Dr. Herschel, the light of some of the nebulse, 
just perceptible through his 40 feet telescope, must have been 
a million of ages in coming to the earth ; and should an^r pf 
them be now destroyed, they would continue to be perceptible 
for a million of ages to come. 

Dr. Herschel informs as, that the glass which he used, would separate stars 
at 407 times the distance o^ Sirius. 

It is one of the wonders of creation that any phenomena 
of bodies at such an immense distance from us should be 

Serceptible by human sight ; but it is a part of the Divine 
faker's plan, that allhoueh they do not act physically upon 
us, yet they should so far be objects of our perception, as 

Suppose the light of Sirius to be twenty thousand million times less than that of 
Ofur sun, how would It compare with that of a star of the sixti. ma^Itude? If we 
suppose the two stars to be of the same size, how much fartlier oft I5 the srar of the 
Sbtlh ni;<5:nlHHte, than Sirius is? Suppose Sirius to be placed where our Sun is, how 
wmM Ua apparent masrnirude, and Hit fight and heat compare with those rf tlie 9un7 
Vhai m\y we genenilly affirm of the distance of stars of the sixth magnitude? Can 
the human mind appreciate such distances? What illustrations can you give to show 
their Immensity? what is this distance compared with that of the telescopic stars, 
•nd Uie neimlsB 1 Why aie we able to see bodies at to great a distance 7 



158 NUMBER, DISTANCE, AND 

to expand our ideas of the vastness of the universe, and of 
the stupendous extent and operations of his omnipotence. 

" With these facts before us," says an eminent astronomer 
and divine. " it is most reasonable to conclude, fhat those ex- 
pressions m the Mosaic history of Creation, which relates to 
the creation of the fixed stars, are not to be understood as 
referring to the time when they were brought into existence, 
as if they had been created about the same time with our 
eartli ; but as simply declaring the fact, that, at whatever pe- 
riod in duration they were created, they derived their eanst- 
encefrom Gody 

"That the stars here mentioned," (^Gen, i. 16.) says a dis- 
tinguished commentator,* " were the planets of our system, 
and not the fixed stars, seems a just inference from the fact, 
that after mentioning them, Moses immediately subjoins, 
* And Elohim set them in the firmament of the heaven to 
give light upon the earth, and to rule over the day and over 
the night;' evidently alluding to Venus and Jupiter, which 
are alternately our morning and evening stars, and which 
'give light upon the earth,' far surpassing in brilliancy any 
of the &ed stars." 

However vast the universe now appears ; however numerous the worlds 
which may exist within its boundless range, ^he language of Scripture, and 
Scripture alone, is sufficiently comprehensive and sublime; to express all the 
emotions which naturally arise in the mind, when contemplating its structure. 
This shows not only the harmony which subsists between the discoveries of 
the Revelation and the discoveries of Science, but also forms by itself, a strong 
presumptive evidence, that the records of the Bible are authentic and divine. 

We have hitherto described the stars .as being immoveable 
and at rest ; but from a series of observations on double stars. 
Dr. Herschel found that a great many of them have changed 
their situations with regard to each other ; that some perform 
revolutions about others, at known and regular periods,' and 
that the motion of some is direct, while that of others is re- 
trograde ; and that many of them have dark spots upon their 
surface, and turn on their axes, like the sun. 

A remarkable change appears to be OTadually taking place 
in the relative distances of the stars from each other in the 
constellation Hercules. The stars in this region appear to 
be spreading farther and farther apart, while those in the 
opposite point of the heavens seem to close nearer and nearer 
together in the same manner as when walking through a 

*S. Turner, P. fi. A. R. A. S. L., 1832. 

With these facts before us, what may we reasonably conclude with recanl to the 
expressions m the Mosaic history which relate to the creaUon of the fixed stars? 
What Is the opinion of Mr. Turner in regard to the stars here mentioned? To what 
Is the expression, "To rule over the. day and over the night," supposed to allude? 
Grve some account of the real motions of the fixed stars. What remarkable chancea 
Mw tflikiDfi place in the fOnitellaUon Hercules? 



ECONOMY OP THE STARS. 159 

forest, the trees towards which we advance, appear to be 
constantly separating, while the distance between those 
which we leave behind, is gradually contracting. 

From this appearance it is concluded, that the Sur, with 
all its retinue of planetary worlds, is moving throHgh the re- 
gions of the universe, towards some distant centre, or around 
some wide circumference, at the rate of sixty or. seventy 
thous^d miles an hour ; and that it is therefore highly prob 
able, ii not absolutely certain, that we shall never occupy 
that portion of absolute svace, through which we are at this 
moment passing, during all the succeeding ages of eternity.* 

The author of the Christian Philosopher endeavours to 
convey some idea of the boundless extent of the universe, 
by the following sublime illustration : — 

" Suppose that one of the highest order of intelligences is 
endowed with a power of rapid motion superior to that of 
light, and with a corresponding degree of intellectual energy 5 
that he has been flying without intermission, from one pro- 
vince of creation to another, for six thousand years^ and will 
continue the same rapid course for a thousand millions years 
to come ; it is highly probable, if not absolutely certain, that, 
at the end of this vast tour, he would have advanced no far- 
ther than the * suburbs of creation,' — and that all the magnifi- 
cent systems of material and intellectual beings he had sur- 
veyed, during his rapid flight, and for such a length of ages, 
bear no more nroportion to the whole empire of Omnipotence, 
than the smallest grain of sand does to all the particles or 
ipatter contained in ten thousand worlds." 

Were a seraph, in prosecuting the tour of creation in the 
manner now stated, ever to arrive at a limit beyond which 
no farther displays of the Divinity could be perceived, the 
thought would overwhelm his faculties with unutterable emo- 
tions; he would feel that he had now, in some measure, 
comprehended all the plans and operations of Omnipotence, 
and that no farther manifestation of the Divine glory remain- 
ed to be explored. But we may rest assured that this can 
never happen in the case of any created intelligence. 

There is moreover an argument derivable from the laws of the physical 
world, that seems to strengthen, I had ahnost said, to confirm, this idea of the 
Infinity of the material universe. It is this— ijT the number of etars be finite, 
and occupy only apart ofspace, the outiDdrd stars would be contmuaUy attracted 

* Professor Bessel does not fall In with this prevalltng optnlon. ___^ 

What conclusion Is drawn from this appearance? Shall we then prrbablyevot 
occupy that portion of space through which we are now passing, again? What Illus- 
tration does the author of the Christian Philosopher give in order to convey soma 
Idea of the boundless extent of the universe ? Were a seraph ever to arrive at a limit 
beyond which no farther displays of the divine glory could be perceived, how would 
the Idea afl'cct him? Is It probable that such a place exists in the universe, or withia 
the scope of any created Intelligence 1 
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to ihoaetriUdny andin time woutdunite in one. Butifthemmberbeinjiniie, and 
they occupy an infinite apace, all parts tDotdd be nearly in equilibria, and con- 
aequently each fixed 8lar, being equally attracted in every direction^ would 
keep its place. 

No wonder, then, that the Psalmist was so affected with 
the idea of the immensity of the universe, that he seems 
almost afraid lest he should be overlooked amidst the im- 
mensity of beings that must needs be under the superintend- 
ence of God ; or that any finite mortal should exclaim, when 
contemplating the heavens — "What is marij tiiat THOU art 
mindful of him !" 



CHAPTER XVII. 

FALLING, OR SHOOTING STARS. 

The phenomenon of shooting stars, as it is called/ is com- 
mon to all parts of the earth-; but is most frequently seen in 
tropical regions. ^ \The unerring aim, the startling velocity, 
and vivid brightness with which they seem to dart athwart 
the sky, and as suddenly expire, ex(ute our admiration ; and 
we often ask, " What can they beP J ^ 

But frequent as thev are, this interesting phenomenon^^is 
not well understood. J ^ome imagine that they are occasioned 
by electri^ify, and otfiers, that they are nothing but luminous 
gas. Others again have supposed, that some of them are 
luminous bodies which accompany the earth in its revolution 
around the sun, and that their return to certain places might 
be calculated with as much certainty and exactness as that 
of any of the comets, j 

Dr. Burney, of Gofport, kept a record of all that he ob- 
served in the course of several years. The number^hich 
he noticecV in 1819, was 121, and in 1820, he saw 131. J Pro- 
fessor Grefen is confident that a much larger number are an- 
nually seen in the United States. 

i Signior Baccaria supposed, they were occasioned by elec- 
tricity, and thinks this opinion is confirmed by the following 
observations. About an hour after sunset, he and some 
friends, that were with him, observed a falling star, directing 
its course directly towards them, and apparently growing 
larger and larger, but just before it reached them it disap- 

Where does the vhenomenon of fidling, or shooting stars occur? What is there to 
excite our admiration in this phenomenon ? Is this interesting phenomenon well un- 
derstood? "What are the different opinions in regard to them? How many shooting 
stars did Dr. Burney observe In the years 1819 and 1820> Is it probiible that a much 
larger number is seen every year in the United States? What did Baccaria suppose 
they were occasioned by, and what obeervatlons did he make to strengthen hi» 
opinion? 
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peared. On . vanishing, their faces, hands, and slothes, with 
die earth, and all the neighhouring objects, became suddenly 
illuminated with a diffused and lambent light. It was attend- 
ed with no noise. During their surprise at this.appearance, 
a servant informed them, that he had seen a light shine sud- 
denly in the garden, and esnecially upon the streams which 
he was throwing to water it. j 

([TJie Signior also observed a quantity of electric matter col- 
lect about bis kite, which had very much the appearance of a 
falling star.^ Sometimes he saw a kind of halo accompanying 
the kite, as it changed its place, leaving some glimmering of 
li^ht in the place it had quitted. 

Ishooting stars have been supposed by those meteorologists 

wTio refer them to electricity or luminous gas, to prognosticate 

changes in the weather, such as rain, wmd, &c.; and there 

is, perhaps, some truth in this opiniouy vThe duration of the 

brilliant tract which they leave behind them, in their motion 

through the air, will probably be found to be longer or shorter, 

according as watery vapour abounds in the atmosphere. ' * 

The notion that this phenomenon betokens high wmda^ is 

of great antiquityj Virgil, in the first book of his Georgics, 

expresses the same idea : — 

" Saepe eiiam Stellas vento impendente videbis 
Prajcipites coslo labi ; noclisque per umbram 
Flauimarum longos a tergo albescere tractua. • 



And oft, before tempestuous winds arise, 
The seeming stars lall headlong from the skies, 
And shooting through the darkness, gild the night 
With sweeping glories and long trails of light'' 

The number of shooting stars, observed in a single night, 
though vjiriable, /is commonly very small. J There are, how- 
ever, several instances on record or their falling in " showers" 
— wnen every star in the firmament seems l90sened from its 
sphere, and moving in lawless flight from one end of the 
heavens to the other. '-^ As early as the year 472, in the month 
of November, a phenomenon of this kind took place near 
Constantinople. As Theophanes relates, " The sky appeared 
to^be on fire," with the corruscations of the flying meteors. 

* A shower of stars, exactly similar took place in Canada, be|ween the 3d and 
(m of July, 1814, and another at Montreal, in November, 1819. po all these cases, 
a residuum, or black dust, was deposited upojKhe surface of th* waters, and upon 
the roofs of buildings, and other objects^ In the year 1810, '• inflamed sub- 
stances," it is said, fell into and around lake^^^l^, in Armenia, wl|ich stained the 
water of a blood colour, and cleft the earth ii^ various places. A On the 5th of 

What was the appearance upon streams of water? What did he observe at this 
time about his kite? What connexion are they supposed to have with meteorology i 
What circumstance may wc probably find to confirm this idea? Is this notion of very 
ancient, or of modem date 1 What is, usually, the number of nhnotlng stars observed 
in a ainijle night? When, and where, occurred the first Instance, on record, of their 
Caiing in great numbers? Mention some other histances. What remarkable veiaiga 
tpoa left by these meteoric thowers 1 

u* 
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September, 1819, a like phenomenon was seen in Moravia. { History furnishes 
manv more instances of meteoric showers, depositing a red aiiat, in some places, 
BO plentiful as to admit of chymical analysis. ^ 

The compaissioner, (Mr. Andrew EUicott,) who was sent 
out by our government to fix the boundary between the^ Spanish 
possessions in North America and the United States^witness- 
ed a very extraordinary flight of shooting stars, which filled 
the whole atmosphere from Cape Florida to the West India 
Islands. This grand phenomenon took place the 12th of 
November, 1799, and is thus described : — " I was called up," 
says Mr. Ellicolt, " about 3 o'clock in the morning, to see the 
shooting stars, as they are called. The phenomenon was 
grand and awful. The whole heavens appeared as if illu- 
minated with skyrockets, which disappeared only by the light 
of'the sun, after daybreak. The meteors, which at any one 
instant of time, appeared as numerous as the stars, flew in 
all possible directions except/rowi the earth, towards which 
they all inclined more or less, and some of them descended 
perpendicularly over the vessel we were in, so that I was in 
constant expectation of their falling on us.'V 

Mr. Ellicott further states that his thermometer which had 
been at 80° Fahr. for the four days preceding, fell to 56° 
about 4 o'clock, A. M., and that nearly at the same time, the 
wind changed from the south to the northwest, from whence 
it blew with great violence for three days without intermission. 

These same appearances were observed, the same night, 
at Santa Fe de Bogota, Ciimana, Q,uito, and Peru, in South 
America ; and as far north as Labrador and Greenland, ex- 
tending to Weimar in Germany, being thus visible over an 
extent on the globe of 64° of latitude, and 94° of longitude. 

fThe celebrated Humboldt^ accompanied byM. Bompland, then in S. America, 
Ihus speaks of the phenomenon : — " Towards the morning of the 13th of No- 
vember, 1799, we witnessed a most extraordinary scene of shooting meteors. 
Thousands of bolides, and falling stars succeeded each other daring four hours. 
Their direction was very regular from north to south. From the beginning of 
the phenomenon there was not a space in tlie firmament, equal in extent to 
three diameters of the" moon, which was not filled, every instant, with bolides 
or falling stars. All the meteors left luminous tracer or phosphorescent bands 
behind them, which lasted seven or eight seconds." ? 

i This phenomenon was witnessed by the Capucfiin missionarv at San Fer- 
nando de Afiura, a village situated in lat. 7° 53 ' 12", amidst the savannahs of the 
province of Varinas ; by the Franciscan monks stationed near the cataracts of 
the OronocOj and at Marca, on the banks of the Rio Negro, lat. 2° 40 ' long. 
70*^ 21', and in the west of Brazil, as far as the equator itself; and also at the 
city of Porto Cabello, lat. 10° 6' 52", in French Guiana, Popayan, Quito, and 
Peru. It is somewhat surprising that the same appearances, observed in places 
so widely separated, amid the vast and lonely deserts of South America, should 
have been seen, the same night, in the United^tates, in Labrador, in Greenland, 
and at Itterstadt, near Weimar, in Germany ! I 

Recite instances of a similar kind, in to?tich a red dust has been deposited. Describe 
t)ie phenomenon of shooting stars described by Mr. Ellicott, In 1799. Describe ths 
same phenomenon as seen, in South America, by Hvmboldt and others. In tohat other 
parts of the earth, was it witnessed, and by whom 7 
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y|We are told that thirty years before, at the city of duito, 
yrThere was seen in one part of the sky, above the volcano 
of Cayamburo, so great a number of tailing stars, that the 
mountain was thought to be in flames. This singular sight 
lasted more than an hour. The people assembled in the 
plain of Exida, where a magnificent view presents itself of 
the highest summits of the Cordilleras. A procession was 
already on the point of setting out from the convent of St. 
Francis, when it was perceived that the blaze on the horizon 
was caused by fieryr meteors, which ran alonff the sicy in all 
directions, at the altitude of 12 or 13 degrees.*! 

But the most sublime phenomenon of shifoting stars, of 
which the world has furnished any record,\;was witnessed 
throughout the United States on the morning of the 13tli of 
November, 1833.^^ 

I The entire extent of this astonishing exhibition has not 
been precisely ascertained, but it covered no inconsiderable 

f>ortion of the earth's surface. It has been traced from the 
ongitude of 61°, in the Atlantic ocean, to longitude 100° in 
Central Mexico, and from the North American lakes to the 
West Indies.-y 

It was not seen, however, any where In Europe, nor in South America, nor in 
any part of the Pacific ocean yet heard iiom. 

Every where, within the limits abovementioned,tthe first 
appearance was. that of fireworks of the most imposing 
grandeur, covering the entire vault of heaven with myriads 
of fireballs, resembling skyrockets. Their corruscations 
were bright, gleaming and incessant, and they fell thick as 
the flakes in the early snows of December. To the splen- 
dours of this celestial exhibition, the most brilliant skyrockets 
and fireworks of art, bear less relation than the twiniling of 
the most tiny star, to the broad glare of the sun.* ;The whole 
heavens seemed in motion, and suggested to sOhie the awful 
grandeur of the image employed in the apocalypse, upon 
the opening of the sixth seal, when "the stars of heaven 
fell unto the earth, even as a fig-tree casteth her untimely 
figs, when she is shaken of a mighty wind.'! 
fjOne of the most remarkable circumstances attending this 
display was, that the meteors all seemed to emanate from one 
and the same point, a little southeast of the zenith. Following 
the arch of the sky, they ran along with immense velocity, 

Describe another phenomenon of a similar Icind, seen In South America about thirty 
years before. When occurred the most sublime phenomenon of sliootin? stars of 
which the world has any record? How extensively was it witnessed ? Whntwaa 
the first appearance of the phenomenon? What scene in the apocalypse, did it sug- 
gest to some? Prom what point did the meteors appear to emanate? Describe their 
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describing in some instances, an arc of 30° or 40© in a few 
seconds. J 

iOn more attentive inspection it was seen, that the meteors 
exhibited three distinct varieties ; the Jirst, consisting of 
phosphoric lines, apparently described by a point ; the second^ 
of large fireballs, that at intervals darted along the sky, leav- 
ing luminous trains, which occasionally remained in view for 
a number of minutes, and, in some cases, for half an hour or 
more ; the third, of undefined luwinous bodies, whiqh remain- 
ed nearly stationary in the heavens for a long time.y 

;Those of the first variety were the most numerous, and 
resembled a shower of fiery snow driven with inconceivable 
velocity to the north of west. The second kind^ appeared 
more like /aZ/ing- stars — a spectacle which was conteiaplated 
by the more unenlightened beholders with great amazement 
andterrour. The trains which they left, were commonly 
white, but sometimes .:ijrere tinged with various prismatic 
colours, of great beauty.. /* 

These fireballs were occasionally of enormous size. | Dr. 
Smith, of North Carolina, describes one which appeared larg- 
er than the full moon rising.* ) " I was," says he, " startled 
by the splendid light in which the surrounding scen^was 
exhibited, rendering even small objects quite visible." (The 
same ball, or a similar one, seen at New Haven, passed on in a 
northwest direction, and exploded a little northward of the 
star Capella, leaving, jusj behind the place of explosion, a 
train of peculiar beauty-^ . The line of direction was at first 
nearly straight ; but it s©on began to contract in length, to 
dilate in breadth, and to assume the figure of a serpent scrol- 
ling itself up, until it appeared like a luminous cloud of va- 
pour, floating gracefully jn the air, where it remained m full 
view for several minutes./ 

* Of the third variety of meteors, the following are remark- 
able examples : — At Poland, Ohio, a luminous body was dis- 
tinctly visible in the northeast for more than an hour. It was 
very brilliant, in the form of a pruning-hook, and apparently 
twenty feet long, and eighteen inches broad. It gradually 

♦ If this body were at the distance of llO miles, from the observer, it must have had 
a diameter of one mile ; if at the distance of 11 miles, its diameter was 628 feet ; and 
if only one mile off, it must have been 48 feet in diameter. These considerations 
leave no doubt, that many of the meteors were bodies of large size. 

What other appearances were observed, upon mote attentive inspection? Give a 
more particular account of the first variety. Of the second. What do we know In 
regard to the size of these fireballs? How does Dr. Smith describe one seen by him 
In North Carolina? "What was the appearance of the same or a similar ball, as seen 
at New Haven? What was there peculiar In the course, and final disappearance of it! 
Sifippfute thia tneteor was lio miles distant from the place (tf ohservation, tohatmtuit 
have been its diameter 7 What, if it toere 11 miles Ustant 1 What, if only one mile f 
Mention some examples of the third variety of meteors 
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settled towards the horizon, tintil it disappeared. At Niagara 
Falls, a large, luminous body, shaped like a square table, 
was seen near the zenith, remaining for some time almost 
stationary, emitting large streams of light. ) 

^The point from which the meteors seemed to emanate, 
was observed by those who fixed its position among the stars, 
to be in the constellation Leo ; and, according to their concur- 
rent testimony, this radiant point was stationary among the 
stars, during the whole period of observation ; that is, it did 
not move along with the earth, in its diurnal revolution east- 
ward, but accompanied the stars in their apparent progress 
T^stward. 

/A remarkable change of weather from warm to cold, ac- 
companied the meteoric shower, or immediately followed it. 
In all parts of the United States, this change was remarkable 
for its suddenness and intensity. In many places, the day 
preceding had been unusuaUy warm for the season, but, be- 
fore the next morning, a severe frost ensued, unparalleled, for 
the time of year. I /► 

In attempting to explain these mysterious phenomenal it is 
argued, in the first place, that the meteors had their origin 
beyond the limits of our airtiosphere ; that they of course 
did not belong to this earth, but to the regions of space extor 
rior to it) 

The reason on which this conclnsion is fbnnded is thia.'-vAU bodies near the 
earlh, including the atmosplierc itself^ have a common motion with the earth 
around its axis from west to east ; but the radiant pointy that indicated the 
source from which the meteors emanated, followed the course of the stars 
from east to west ; therefore, it was inde{)endent of the earth's rotation, and • 
conseque«tly, at a great distance from it, and beyond the limits of the atmos- 
phere. ^fThe height of the meteoric cloud, or radiant point, above the earth's 
surfaced was, according to the mean average of Professor Olmsted's observa* 
lions, not less than 2238 miles. \ 

iThat the meteors Were constituted of very light, combus- 
le materials, seems to be evident, from their exhibiting the 
actual phenomena of combustion, they being consumed, or 
converted into smoke, with intense light j and the extreme 
tenuity of the substance composing them is inferred from the 
fact that they were stopped by the resistance of the air)/^Had 
their quantity of matter been considerable, with, so prodigious 
a velocity, they would have had suflScient momentum to dash 
them upon the earth ; where the most disastrous consequences 
might hav e followed. ] 

In what constellation was the point Arom which the meteors seemed to radiate? 
"Wliat changes were observed in the weather during or soon after this phenomenon? 
In attempting to account for these phenomena, what hypothesis has been advanced 
In rcKard to the place where the meteors had their orighi? What irthe reasoninff ky 
which this hyvothesia is sustained 7 How hiffh was me meteoric cUnid supposed to be 
above the earth ? What tto we know in regard to the substance of which the meteors 
were composed ? What might have been the consequences. If their quantHy of matter 
tiad been conBideiable? 
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about half way from midnight to sunrise. The meteors 
are inferred to consist of combustible matter, because they 
are seen to take fire and burn in the atmosphere. They 
are known to be very light, because, although they fall 
towards the earth with immense velocity, few, if any, ever 
reach the earth, but are arrested by the air, like a wad 
fired from a piece of artillery. Some of them are inferred 
to be bodies of comparatively great size, amounting in di- 
ameter to several hundred feet, at least, because they are 
seen under so large an angle, while they are at a great dis- 
tance from the spectator. Innumerable small bodies thus, 
consisting of extremely light, thin, combustible matter, 
existing together in space far beyond the limits of the at- 
mosphere, are believed to compose a body of immense 
extent, which has been called ' the nebulour body.' Only 
the skirts or extreme portions of this are brought down to 
the earth, while the entire extent occupies many thousand, 
and perhaps several millions of miles. This nebulous body 
is inferred to have a revolution around the sun, as well as 
the earth, and to come very near to the latter about the 
13th of November each year. This annual meeting every 
year, for several years in succession, could not take place 
unless the periodic time of the nebulous body is either 
nearly a year, or half a year. Various reasons have in- 
duced the belief that half a year is the true period; but 
this point is considered as somewhat doubtful. The zodi- 
acal light, a faint light that appears at different seasons of . 
the year, either immediately preceding the morning or 
following the evening twilight, ascending from the sun in 
a triangular form, is with some degree of probability 
thought to be the nebulour body itself, although the exist- 
ence of such a body, revolving in the solar system, was 
inferred to be the cause of the meteoric showers, before 
any connexion of it with the zodiacal light was even 
thought of." 
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CHAPTER XVIIL 

Our attention has hitherto heen directed to those bodies 
which we see scattered every where throughout the whole 
celestial concave. These bodies, as has been shown, twinkle 
with a reddish and variable light, and appear to have always 
the same position with regard to each other. We know 
that their number is very great, and that their distance 
from us is immeasurable. We are. also acquainted with 
their comparative brightness and their situation. In a 
word, we have before us /their few visible appearances^ vto 
which our knowledoje of them is well nigh limited ; 4l- 
most all our reasonings in regard to them being founded 
on comparatively few and uncertain analogies. Accord- 
ingly our chief business, thus far, has been to detail their 
number, to desisribe their brightness and positions, and to 
give the names by which they have been designated. 

There now remain to be considered certain other ce- 
lestial bodies, all of which, from their remarkable appear- 
ance and changes, and some of them from their intimate 
connection with the comfort, convenience, and even ex- 
istence of man, must have always attracted especial ob- 
servaiion, and been objects of the most intense contemplation 
and the deepest interest. Most of these bodies are situ- 
ated Jvithin /he limits of the Zodiac} The most important 
of them are(. the Sun, so superior to iill the heavenly bodies 
for its apparent magnitude, for the light and heat which 
it imparts, for the marked effects of its changes of position 
with regard to the Earth ; and the Moon, so conspicuous 
among the bodies which give light by night, and from 
her soft and silvery brightness, so pleasing to behold; re- 

To what particalara is our knowledge of the fixed stars, those heaTenly bodies which 
we have heretofore been considering, well nigh confined 7 Where are the bodies whxdi 
DOW wnain to be oonsidored, situated? Which of them are the most important' 

15 
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tnarkable not only for changes of position; but for the 
varied phases or appearances which she presents, as she 
waxes from her crescent form through all her diffeient 
stages of increase to a full prb, and wanes back again to 
hpr former diminished figure.) 

• The partial or total obscuraAon of these two bodies, which 
sometimes occurs, darkness taking place even at mid-day, 
and the face of night, before lighted up by the Moon's beams, 
being suddenly siaded by their absence, have always been 
among the most striking astronomical phenomena, and so 
powerful in their influence upon the beholders, as to fill them 
with perplexity and fear. If we observe these two bodies, 
we shall find, that, besides their apparent diurnal motion 
across the heavens, they exhibit other phenomena, which 
must be the effect of motion. The Sun during oife part of 
the year, will be seen to rise every day farther and farther 
towards the north, to continue longer and longer above 
the horizon, to be more and more elevated at mid-day, 
until he arrives at a certain limit; and then, during the other 
part, the order is entirely reversed. The Moon sometimes is 
not seen at all; and then, when she first becomes visible, 
appears in the west, not far from the setting Sun, with a slen- 
der crescent form; every night she appears at a greater 
distance from the setting Sun, increasing in size, until at 
length she is found in the east, just as the Sun is sinking 
below the horizon in the west. 

The Sun, if his motions be attentively observed, will be 
found lo have another motion, opposite to his apparent diurnal 
motion from east to west. This may be perceived distinct- 
ly, if we notice, on any clear evening, any bright star, which 
is first visible after sunset, near the place where he sunk 
below the horizon. The following evening, the star will 
not be visible on account of the approach of the Sun, and all 
the stars on the east of it will be successively eclipsed by 
his rays, until he shall have made a complete apparent revo- 
lution in the heavens. These are the most obvious pheno- 
mena exhibited by these two bodies) 

There are, also, situated within me limits of the Zodiac, 
certain other bodies, which, at first view, and on a superficial 
examination, are scarcely distinguishable from the fixed 
stars. But observed more attentively, they will be seen lo 
shine with a milder and steadier light, and besides being 
carried round with the stars, in the apparent revolution of 
the great celestial concave, they will seem to change their 

Describe the most obviooi phenomena of the Sun and Moon. Describe the moat obviooa 
pbenomena of the idanete. 
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piaces m the concave itself. Sometimes they are station-, 
ary ; sometimes they appear to be moving from west to east, 
and sometimes to he going back again from east to west ; 
being seen at sunset sometimes in the east, and sometimes 
in the west, and always apparently changing their position 
with regard to the earth, each pther, and the other heaven- 
ly bodies. From their wandering as it were, in this man- 
ner, through the heavens, they were called ^by the Greeks 
ffX«v»7ral planets, which signifies wanderers, \ 
jThe\s also sometimes appear in the heaveirs, bodies of a 
very extraordinary aspect, which continue visible for a con- 
siderable period, and then disappear from our view ; and noth- 
ing more is seen of them, it may be for years, when they 
again present themselves, and take their place among the 
bodies of the celestial sphere. They are distinguished from 
the planets by a dull and cl^dy appearance, and by a train 
of light. As they approach the sun, however, their faint and 
nebulous light becomes mdrs^and more brilliant, and their 
train increases in length, until they arrive at their nearest 
point of approximation, when they shin* with their greatest 
brilliancy. As they recede from the Sun, they gradually 
lose their splendour, resume their faint and nebulous appear- 
ance, and their train diminishes, until they entirely disap- 
pear. They have no well defined figure ; they seem to move 
m. every possible direction, and are found in every part of 
the heavens^. . From their train, they were called by ^he 
Greeks KOfirtTc^'j comets, which signifies having long hair. ) 

The causes of these various phenomena must have eirly 
constituted a very natural subject of inquiry. Accordingly, 
we shall find, if we examine the history of the science, that 
in very early times there were many speculations upon 
this subject, and that different theories were adopted to ac* 
count for these celestial appearances. 

/ The Egyptians, Chaldeans, Indians, and Chtnesei early possessed many astro< 
pomical facts, many observations of importaiit phenomena, and many riitea 
and methods of astronomical calculation; andiit has been imagined, that they 
had the ruins of a great system of astronomical science, which, in Ihe earliest 
ages of the world, )jad been carried to a great degree of perfection, and that 
while the principles and explanations of the phenomena were lost, the isolated, 
ankonnect|d facts, rules -of calculation, and phenomena themselves, remain* 
ed.l Thus,lthe Chinese, who, it is generally agreed, possess the oldest authen- 
tic observations on record, have recorded in their annals, a conjunction of 
five planets at the same time, which hap[>ened 2461 years before Christ, or 100 
years before the Hood. By mathematical calculation, it is ascertained tiial this 
conjunction really occurred at that time. The first observation of a solar 
eclipse of which the world has any knowledge, tMs made by the Chinese, 2128 
years before Christ, or 220 years after the deluge. % seems, also, that the 
Chinese understood the method of calculating eclipses ; for, it is said, that the 

WJience do they derive their name? Dcsciibe the comets. Whence is their nama 
derived 7 IVTuu oriental nations early poaseued natty important astroncmical facto, 
otoervatUmOt and rtUeo 7 Whence to it ouppooed tiuu (hey obtain^ themi 
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eeiperor was lo irritated against the great officers of state for neglecting to pre> 
diet the eclipse, that he caused them to be put to death* iThe astronomical 
epoch of the Ciiinese, according to Bailly, commenced wifti Fohi, iheir first 
emperor, who flourished 2952 years before the Christian era, or about 3i50 
years before the deluge. If it be asked bow the knowledge of ihis antedilu- 
vian astronomy was preserved and transmitted, it is said That the columns on 
whicii it was registered have survived the deluge, and that tliose of Egy))t are 
only copies which have become originals, now that the others have been for- 
gotten. Ttie Indians, also, profess to have many celestial observations of a 
very early date. The Chaldeans have been justly celebrated in all ages for 
their astronomical observations. When Alexander took Babylon, his precep- 
tor. Caliisthenes, found a series of Chaldean observations, made in that city, 
and extending back with little interruption, through a period of 1903 vears pre- 
ceding that event. This would carry UBi)ack to at least 2234 years befoie the 
birth of Christ, or to about the time of the dispersion of mankind by the con* 
fusion of tongues. Though it be conceded, that upon this whole period in the 
history of the science, the obscurity of very remote antiquity must necessari- 
ly rest, still it will remain evident that the phenomena of the heavenly bodies 
had been observed with great attention, and bad been a subject of no ordinary 
interest. 

But however numerous or important were the observations of oriental an- 
tiquityithey were never reduced to the shape and symmetry of a regular 
sy stent. ' 

VThe Gfreeks, in all jirobability, derived many notions in regard to this sci- 
ence, and many facts and observations, from Egypt, the great fountain of an- 
cient learning and wisdom, and many were the speculations and hypotheses 
of their philosophers. Jin the fabulous period of Grecian history. Atlas, Her- 
cules, Linus, and Orpfieus, are mentioned as persons distinguished for their 
knowledge of astronomy, and for the improvements which they made in the 
science. But in regard to this period, little is known with certainty, and it 
must be considered, as it is termed, fabulous. 

The firsUof the Greek philosophers who taught Astrono- 
my, was T hales, of Miletus. He flourished./ ^bout 640 
years before the Christian era. ; Then followed jinaxirrian- 
der, Anaximenes, Anaxagoras, Pythagoras, Plato.^pome 
of the doctrines maintained by these philosophers wf r^, that 
the Earth was round, that it had two motions, a diurnal mo- 
tion on its axis, and an annual motion around the Sun, that 
the Sun was a globe of fire, that the Moon received her light 
from the §un, that she was habitable, contained mountains, 
seas, &c. ; that her eclipses were caused by the Earth's 
shadow, that the planets were not designed merely to adorn 
our heavens, that they were worlds of themselves, and that 
the fixed stars were centres of distant systems. Some of 
them, however, maintained, that the Earth was flat, and 
others, that though round, it was at rest in the centre of the 
universe. I 

When tliat distinguished school of philosophy was estab- 
lished at Alexandria, in Egypt, by the munificence of the 

* It M well known that the Chinese have, from time immemorial, considered Solar 
Eclipses and Conjimctions of the planets, as prognostics of importance to the Empire, and 
that they have been predieled as a matter of State policy. 

Give smtie instances. Were these facts, hotoever, reduced to a science ? iVhence, 
is it probable, that the Greeks derived their first rutttons of astronomy ? What is the 
name of the first of the Greek philosophera who taught astronomy? At what time did 
he flourish t What Greek philosopbeis after him taught iqwn the same subject ? Men- 
tion some of the doctrines which they maintained. < 
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sorereigns to whom that portion of Alexander's empire had 
fallen, Astronomy received a new impulse. It was now, in 
the second century after Christ, that the first complete sys- 
tem or treatise of astronomy, of which we have any know- 
ledge, was formed. All before had been unconnected and 
incomplete. IPtolemj^ with the opinions of all antiquity, 
and of all the philosdphers who had preceded him, spread 
out before him, composed a work,* in thirteen books, called 
the MeyaXri Euvrafi?, or Great System. ;1 Rejecting the doc- 
trine of PytRagoras, who taught thaf ihi Sun was the centre 
of the universe, and that the Earth had a diurnal motion on 
its axis and an annual motion around the Sun, as C9ntrary 
to the evidence of the senses, Ptolemy endeavoured to ac- 
count for the celestial phenomena, by supposing the Earth 
to be the centre of the universe, and all the heavenly bodies 
to revolve around it.j He seems to have entertained an idea 
in regard to the supposition, that the Earth revolved on its 
axis, similar to one which some entertain even at the pre- 
sent day. "Jf," says he, " there were any motion of the 
Earth common to it and all other heavenly bodies, it would 
certainly precede them all by the excess of its mass being 
so great ; and animals and a certain portion of heavy bodies 
would be left behind, riding upon the air, and the Earth 
itself would very soon be completely carried out of the 
heavens." 



In explaining the celestial phenomena, however, upon his hypothesis, he 

met with a difficulty in the apparently stationary attitude and retrograde mo- 

J tions which he saw the planets sometimes have. To explain this, however, 

f he supposed tlie planets to revolve in small circles which he called epi-. 

I cycles, which were, at the same time, carried around the Earth in larger 

circles, which he called deferents, or carrying circles. \ In following out his 

thoory and applying it to the explanation of diiferent phenomena, it became 

necessary to add new epicycles, and to have recourse to other expedients, 

until the system became unwieldy, cumbrous, and complicated. This 

fheory, although astronomical observatiods continued to be made, and some 

distiiiguiishcd astronomers appeared from Uole to time, was the prevailinnf 

theory! until the middle of the 15th century/] It was not, however, aitcaya 

received with implicit confidence ; nor wer6 its difficulties always entirely 

unappreciated. 

Alphonso X., king of Castile, who flourished in the 13th century, when 
contemplating the doctrine of the epicycles, exclaimed, " Were the universe 
thus constructed, if the deity had called me to his councils at the creation 
of the world, I could have given him good advice." He did not, however, 
mean any impiety or irreverence, except what was directed against the system 
of Ptolemy. ^ 

About the middle of the 15th century, t Copernicus, a 
native of Thorn in Prussia, conceiving a passionate attach- 
ment to the study of astrotomy, quitted the profession of 

When was the first complete system of Astronomy written, and by whom ? In how 
many books was it compriaed, and what was the work called 7 What was the 
system of Ptolemy? How did Ptolemy explain the etatioru and retrogradationa 
df tfu planets / Hmo long was the system (^ Ptolemy the prevailing system 7 Was 
U always received with implicit confidence ? Who establiabed a new System of 
- Astronomy about the middle of the 16th century 7 
16* 
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medicine, and devoted himseU*, with the most intense ardour, 
to the study of this science. y^"His mind," it is said, "had 
long been imbued with the idea that simplicity and ha^rmony 
should characterize the arrangements of the planetary sys* 
tern. In the complication and disorder which, he saw, 
reigned in the hypothesis of Ptolemy, he perceived insuper- 
able objections to its being considered as a representation of 
nature."! 

In the opinions of the Egyptian sages, in those of Pytha- 
goras, Philolatis, Aristarchus and Nicetas, he recognised his 
own'earliest conviction that the Earth was not the centre of 
the universe. His attention was much occupied with the 
speculation of Martinus Capella, who placed the Sun be- 
tween Mars and the Moon, and made Mercury and Venus 
revolve around him as a centre, and with the system of Ap- 
pollonius Pergoeus, who made all the planets revolve around 
the Sim, while the Sun and Moon were carried around the 
Earth in the centre of the universe. 

The examination, however, of these hypotheses, gradual- 
ly expelled the difficulties witn which the subject was beset, 
and after the labour of fmore than thirty years^^he was per- 
mitted to see the true system of the universe. jThe Sun he 
considered as immoveable, in the centre of the system, 
while the earth revolved around him, betwecmhe orbits of 
Venus and Mars, and produced by its rotation nbout its axis 
all the diurnal phenomena of the^ celestial sphere. \ The 
other planets he considered as revolving about the Sbn, in 
orbits exterior to that of the Earth. (See the Relative Po- 
sition of the Planets^ Orbits^ Plate /. of the Atlas.) 

Thus, the stations and retrogradations of the planets were 
the necessary consequence of their own motions, combin- 
ed with that of the Earth about the Sun. He said that 
" by long observation, he discovered, that if the motions 
of the planefs-be compared with that of the Earth,. and be esti- 
mated according to the times in which they perform their 
revolutions, not only their several appearances would fol- ; 
low from this hypothesis, but that it would so connect the 
order of the planets, their orbits, magnitudes, and distances, 
and even the apparent motion of the fixed stars, that it would 
be impossible to remove one of these bodies out of its place 
without disordering the rest, and even the whole of the uni- 
verse also." 

Soon after the death ^f Copernicus, arose -Tycho Brahe, 

What led him to doubt the system of Ptolemy ? How Umg was be employed in the ex 
unination of difl^nt hypotheses before he came to a satisfactecy fesult ? Wlitf waa 
the system of Copernicus 7 What distinguished astronomer, aooD after the time (tf* Go* 
pemkus, enriched astronomy with many valuable obfenratkmi } 
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bom at Enudstorp, in Norway, in 1546. Such was the 
distinction which he had attained as an astronomer, that 
when dissatisfied with his residence in Denmark, he had re^ 
solved to remove, the king of Denmark, learning his inten^ 
,<tions, detained him in the kingdom, by presenting him with 
:^ the canonry. of Rothschild, with an income of 2000 crowns 
per annum. y He added to this sum a pension of 1000 crowns, 
gave him the island of Huen, and established for bin^ an ob- 
servatory at an expense of about 200.000 crowns. Here 
Tycho continued/for twenty-one yearsT to enrich astronomy 
with his observafions. His observatidns upon the Moon 
were important, and upon the planets, numerous and precise, 
and have formed the data of the present generalizations in 
astronomy. He, however, rejected the system of do^erni- 
cus ; considering the Earth as immoveable in the centre of 
the system, while the Sun, with all the planets and comets 
revolving around him, performed his revolution around the 
earth, and, in the course of twenty >four hours, the stars also 
revolved about the central body.^ This theory was not as 
simple as that .of Copernicus, and involved the absurdity of 
, making the Sun, planets, dbc. revolve around a body com- 
paratively insignificant.! 

Near the clo:^ of the' 15th century, arose two x^en, who 
wrought most important changes in the science, ^.Kepler, 
and Galileo, the former a German, the latter an Italian. 

Previpus to Kepler, all investigations proceeded upon the 
supposition that the planets moved in circular orbits, which 
had been a source of much error. This supposition Kepler 
showed to be false. ^ He discovered that their orbits were 
ellipses. The orbits of their secondaries or moons he also 
found to be the same curve/ He next determined the di- 
mensions of the orbits of the planets, and found to what 
their velocities in their motions through their orbits, and the 
times of their revolutions, were proportioned^ all truths of 
• the greatest importance to the science. 

While Kepler was making these discoveries of faofs, very 
essential for the explanation of many phenomena, ^Ualileo 
was discovering wonders in the heavens never before seen 
by the eye of man. Having improved the telescope, and 
applied it to the heavens, he observed mountains and valleys 
upon the surface of our Moon ; satellites or secondaries 

What inducemenis did the king of Denmaifc offer hhn to remain in the Unsdom ? How 
long did he continue to mal& obBenrations in his observatory in the island orHoen 7 How 
were the heavenly bodies airanged, in hia system ) What absurdity did it involve ) What 
two illustrious astrogomers made sevend very important discoveries soon mm the, ome 
ofT^hoBrahe? What were the discoveries of Kepler? What were the dveovcma of 
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were discovered revolving about Jupiter; and Venus, as 
Copernicus had predicted, was seen exhibiting all the differ- 
ent phases of the Moon, v^axing and waning as she does, 
through various forms. Many^ minute stars, not visible to 
the naked eye, were descried in the milky-way ; and the 
largest fixed stars, instead of being magnified, appeared to 
be small brilliant points^ an incontrovertible argument in fa- 
vour of their immense distance from us. All his discoveries 
served to confirm the Copernican theory, and to show the 
absurdity of the hypothesis of Ptolemy. ; 

Although the general arrangement imd motions of the 
planetary bodies, together with the figure of their orbits, 
had been thus determined^ the force or power which car- 
ries them around in their orbits, was as -yet unknown. 
The discovery of thii was reserved for the illustrious New- 
ton.* By reflecting on the nature of gravity — that power 
which causes bodies to descend towards the centre of the 
earth — since it does not sensibly diminish at the greatest dis- 
tance from the centre of the earth to which we can attain, be- 
ing as powerful on the loftiest mountains as it is in the deep- 
est caverns, he was led to imagine that it might extend to the 
Moon, and that it might be the power which kept her in her 
orbit, and caused her to revolve around the Earth. He was 
next led to suppose that perhaps the same power carried the 

Erimary planets around the Sun. By a series of calculations, 
e was enabled at length to establish the fact, that the^ame 
force which determines the fall of an apple to the Earth, car- 
ries the moons in their Orbits around the planets, and the 
planets and comets in their orbits around the Sun. 
, To recapitulate briefly : the system, (not hypothesis, for 
much of it has been established by mathematical demonstra- 
tion,) by which we are now enabled to explain with a beauti- 
ful simplicity the difierent phenomena of the Sun, planets, 
moons, and comets, is^that the Sun is the central body in 
the system ; that the pliinets and comets move round him in 
elliptical orbits, whose planes are more or less inclined to 
each other, with velocities bearing to each otherf a cer- 
tain ascertained relation, and in times related id their dis- 
tances; that the moons^ or secondaries, revolve in like man- 
ner, about their primaries, and at the same time accompany 

* The discoverjr of Newton was in tome measure anticipated by Coperaicus, Kepler, 
and Hooke. 

^ * TbeortNts or oaths of the plaoA were disooreredbr tracing the course ef the planets 
bjr means of the toed stars. 

. What was the discovery of Newton 7 How was he led to nttke itr Recapitulate 
bdeOf the system by which we are enabled to eavlain the diflerent oelestiftl phenomena. 
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them in their motion around the Sun ; all meanwhile revol- 
ving on axes of their own ; and that these revolutions in their 
orbitsj are produced by the mysterious power of attraction. 
The particular mode in which this system is applied to the 
explanation of the different phenomena, will be exhibited 
as we proceed to consider, one by one, the several bodies 
above mentioned. / 

These bodies, Aius arranged and thus revolving, consti- 
tute what is termed the sokir system. The planets have 
been divided into two classes, primaries and secondaries. 
The latter are also termed moons, and sometimes satellites. 
The primaries are those which revolve about the Sun, as 
a centre. The secondaries are those which revolve about 
the primaries. There have been discovered eleven prima- 
ries ; namely, Mercury, Venus, the Earth, Mars, Vesta, 
Juno, Ceres, Pallas, Jupiter, Saturn, and Herschel ; of which, 
Mercury is the nearest to the Sun, and the others follow, 
in the order in which they are named. Vesta, Juno, Ceres, 
and Pallas, were discovered by means of the telescope, and, 
because they are very small, compared with the others, are 
called asteroids. There have been discovered, eighteen 
secondaries. Of these, the Earth has one, Jupiter four, 
Saturn seven^ and Herschel six. All these, except our 
Moon, as well as the asteroids, are invisible to the naked 
eye. 

Plate 1, or the Atlas, " exhibits a plan of the Solar System," comprising the 
relative niagnitudes of the dun and Planets ; their comparative distances from 
the 8un, and from each other ; the position of their orbits, with respect to 
each other, the Earth, and the Sun ; together with many other particulars 
whicli are explained on the map. There, the first and most prominent object 
which claims attention, is the representation of the Sun's circumference, witii 
its deep radiations, bounding the upper margin of the map. It is apparent, 
however, that this segment is hardly one sixth of the whole circumference of 
which it is a part. Were the map sulliciently large to admit the entire orb 
of the Sun, even upon so diminutive a scale as there represented, we should 
then see the 8un and Planets in their just proportions — the diameter of the 
former bein.^ 112 times the diatneter of the Earth. 

It w:\8 intended, origrinally, to represent the Earth upon a scale of one inch 
In diameter, and the other Dodies in that proportion ; but it was found that It 
would increase the map to 4 times its size ; and hence it became necessary to 
assume a scale of /la/fan inch for the Elarth^s diameter, which makes that of 
the Sun 56 inches, and the other bodies, as represented upon the map. 

The relative position of the Planets' Orbits is also represented, on a scale 
as large as the sheet would permit. Their relative distances from the Sun as a 
centre, and from each other, are there shown correctly : But had we wished 
to enlarge the dimensions of these orbits, so that they would exactly corree- 
pond with the scale to which we have drawn the planets, the map must have 
been nearly 4 miles in length. Hence, says Sir John Herschel, ^' the idea that 

What is meant by the Solar System ? Into what two classes have the planets been di- 
vided ? Define n primary planet. Define a secondary planet How many primary plan- 
ets have been discovered? What are their names, and what the order of tiieir distance 
from the sun} Which of them were discovered by means of the telescope? Why are 
tbcseteraiedastenNds? How many secondaries have been discovered ? Howare,they 
distributed among the primaries 7 Which of the primaiies and seeoodaries are invisible 
to the naked eye? 
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we can eonrej correct notions on this subject, by drawing circles on pacer, 
to cm of the question." ' *^^ ' 

To illustrate this.— Let us suppose ourselves standing on an extended plane, 
or £eid or ice, and that a globe 4 feet 8 inches in diameter is placed in tlie 
centre of the plane* to represent the Sun. Having cut out of the map, the 
dark circles representing the planets, we may proceed to arrange them in 
their respective orbits, about the Sun, as follows : 

First, we should take Mercury, about the size of a small currant, and place 
it on the circumference of a circle 194 feet from the Son ; this circle would 
represent the orbit of Mercury, in the proper ratio of its magnitude. Next, 
we should take Venus, about the size of a rather small cherry, and place it on 
a circle 362 feet from the Sun, to represent the orbit of Venus : Then would 
come the Earth, about the size of a cherry, revolving in an orbit 600 feet from 
the Sun :— After the Eanh, we should place Mars, ab^ut the size of acranber* 
ry, on a circle 762 feet from the Sun :— Neglectine the Asteroids, some of which 
would not be larger than a pin's head, we should place Jupiter, hardly equal 
to a moderate sizad melon, on a circle at the distance of half a mile (2^1 feet) 
from the Sun ;— Saturn, somewhat less, on a cirle nearly a mile (4769 feet) 
fi^m tlm Sun ; and last of all, we should place Ilerschel, abont the size of a 

6 each, on the circumference of a circle nearly 2 miles (9591 feet) from the 
un. 

To imitate the motions of the planets, in the abovementioned orbits. Mercu- 
ry must describe its own diameter in 41 seconds ; Venus, in 4 minutes 14 
seconds ; the Earth, in 7 minutes ; Mars, in 4 minutes 48 seconds ; Jupiter, 
in 2 hours 56 minutes ; Saturn, in 3 hours 13 minutes ; and Iferschel, in 2 hours 
16 minutes. 

Many other interesting subjects are embraced in Plate 1 ; but they are 
either explained on the map, or in the following Chapters, to which they res- 
pectively relate. 



CHAPTER XIX. 
THE SUN. 



/ 



The sun is a vast gldbe, in the centre of the solar system, 
dispensing light and heat to all the planets, and govern- 
ing all their motions. 
/ It is the great parent of vegetable life, giving warmth to 
the seasons, and colour to the landscape. Its rays are the 
cause of various vicissitudes on the surface of the earth and 
in the atmosphere. By their agency, all winds are pro- 
duced, and the waters of the sea are made to circulate ia 
vapour through the air, and irrigate the land, producing 
springs and rivers. \ r 

The Sun is by far the largest of the heavenly bodies 
whose dimensions have been ascertainetl' Its diameter is 
something more thanfss? thousand mjles.J Consequently, it 
contains a volume of\naner equal toCfonneen hundred thou- 
sand globes of the size of the Earthy Of a body so vast in 
its dimensions, the human mind, with all its edbrts, can 

Mention some of the effects produced by the Sun. What is its maxcitude compared 
with that of the other heavenly bodies whose dimensions have been estunated T What is 
ttiditiiMterl How much laiier is the Sun than tfas Earth? 
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form no adequate coDception. The whole distance betmen 
the Earth and the Moon would not suffice to embraceM)ne 
third of its diameter, j ^ 

Her^ let the student remt to Plate I. frhcre the RelatiTO Magnitudes of the 
Sun and Pt»n«ts are exhibited. Let him compare the segment of the Sun'i 
circumference, as there represented, with the entire circumference of the 
Earth. They are both drawn upon the same scale. The segment of the Bun'i 
circumference, since it is almost a straight line, must be a very small part of 
wltat the whole circumference would be, were it represented entire. Let the 
student understand this diagram, and he will be in some measure able to con- 
ceive how like a mere point the Earth is, compared with the Son, and to form 

Chis mind some image of the vast magnitude of the latter. 
Were the Sun a hollow sphere, perforated with a thousand 
upenings to admit the twinkling of the luminous atmosphere 
around it — and were a globe as large as the Earth placed 
at its centre, with a satellite as large as our Moon, and at 
the same distance from it as she is from the earth, there 
would be present to the eye of a spectator on the interior globe, 
a universe as splendid as that which now appears to the un- 
instructed eye — a universe as large and extensive as the 
whole creation was conceived to be, in the infancy of astron- 
omy. J 

The next thing which fills the mind with wonder, is the 
distance at which so great a body must be placed, to occupy, 
apparently, so small a space in the firmament. The Sua'a 
mean distance from the Earth, is twelve thousand times the <. 
Earth's diameter, or a little morethan/'QS millions of miles^ 
We may derive some faint conception of such a distance, 
by considering that the swiftest steamboats, which ply our 
waters at the rate of 200 miles a day, would not traverse it 
in thirteen hundred years ; and, that a cannon ball, flying 
night and day, at the rate of 16 miles a minute, would not 
reach it in eleven years. \ 

r The Sun, when viewecl through a telescope, presents the 
•appearance of an enormous globe of fire, frequently in a 
state of violent agitation or ebullition ; darfc spots of irregu- 
lar form, rarely visible to the naked eye,- sometimes pass 
-, over his disc, (from east to west,'\in the 'period of nearly 
^fourteen daysjjT. / 

/ These sp(ifl^ are usually surrounded by a penumbra, and 
that, by a margin of light, more brilliant than that of the 
Sun. A spot when first seen on the eastern edge of the 
Sun, appears like a line which progressively extends in 
breadth, till it reaches the middle, when it begins to contract, 

What is the whole distance between the Earth and the Moon, oompared with the di- 
ameter of the 8an ? Give some flluitration to enable us to conceive of the magnitude of 
the Sun. W hat is the distance of the Sun from the Earth 7 Give some illuitnition to en- 
able us to conceive of the distance^ What u the appearance of the Sun when viewed 
through a telescope? In what timd do the spots seen oo the Bon pass aomss the diief 
fawhatdiiectiondotheymovel Dssenbe tbtir enpeenuaee. 
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and ultimately^ disappears, at the western edgeX In some^ 
rare instaaces^the same spots re-appear on the ^ast side,y 
and are permanent for two or three revolutions.J But, asr 
a general thing, the spots on. the Sun ar/i^either permanent 
nor uniform*!^ Sometimes several smalTones unite into a 
large one ; and, again, a large one separates into numer- 
ous small ones. Some continue several days, weeks, and 
even months, together ; while others appear and disappear, 
in the course of a few hours^ Those spots that are formed 
gradually, are, for the most part, as gradually dissolved ; 
whilst tjiose that are suddenly formed, generally vanish as 
quickljy 

It is the generad opinion, that spots on the Sun were 
first discovered by^ Galileo^ in the beginning of the year 
3611 ; thougl/Schemer, Harriot, and Fabriciusy observed 
them about tne same time. During a period of 18 years 
from this time, the Sun was never found entirely clear of 
spots, excepting a few days in December, 1624 ; at other 
times, there were frequently seen, twenty or thirty at a 
time, and in 1625, upwards of fifty were seen at once. 
From 1650, to 1670, scarcely any spots were to be seen ; 
and, from 1676, to 1684, the orb of the Sun presented an un- 
spotted disc. Since the beginning of the eighteenth cen- 
tury, scarcely a year has passed, in which spots have not 
*been visible, and frequently in fiu-eat numbers. In 1799. 
Dr. Herschel observed one nearljk3P,000 miles in breadt^ ^ 

A single second of angular measure, on the Sun's disc, as seen from the 
earth, corresponds to 462 miles ; and a circle of tiiis diameter(containing there- 



fore nearly 220,000 square miles) is the least space which can be distinctly dis- 
cerned on the San as a visible area, even by the most powerful glasses. JSpoJs 
have been observed, however, whose linear diameter has been more than 



44,000 miles ; and, if some records are to be trusted, of even still greater 
extent 

Dr. Dick, in a letter to the author, says, " 1 have for many years examined 

the solar spots with considerable minuteness, and have several times seen 

•pots which were not less than the one twenty-fifth part of the Sun's diameter, 

which would make them about 22,192 miles in diameter, yet they were visible 

, neither to the naked eye, nor through an opera glass, magnifying about three 

(times. And, therefore, if any spots nave been visible to the naked eye — which 

:twe must beUeve, unless we refuse respectable testimony— they could not 

have been much less tlian 50,000 miles in diameter." 

The apparent motion of these spots over the Sun's sur- 
face, is continually varying in its direction. Sometimes 
they seem to move across it in (straight lines, at others in 
curve lines. I These phenomena may be familiarly illustra- 
ted in the following manner. 



firaadth of ffie^oneieen by Dr.'fitenchcil^ lik > la what direction do the ipote "on the 
■on aivearto'toowl 
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Let E E represent the eclipdt ; NS, its north and sonth poles, JIf the point 
where the spot enters, and m the point where it leaves the Sun's disc. At the 
end of November, and the begiDning of December, the spot will u>pear to 
move downwards, across the Sun's disc, from left to right, describing the 
straight lines Mm, Fig. 1; soon after this period, these lines begin gramiaUj 
to be inflected towards the north, till about the end of February, or the begin- 
ning of March, when they describe the curve lines represented in Fig. 2. After 
the beginning of March, the curvature decreases, till the latter end of May, or 
the beginning of June, when they again describe straight lines tending up* 
wards, as in Fig. 3. By and by these straight lines begin to be inflected doten' 
wardsy till about the beginning of September, when they take the form of a 
curve, having its convex side towards the south pole of the Bun, aa in Fig. 4. 

Fig. 3. Fig. 4» 




As these phenomena are repeated every year, in tha 
same order, and belong to ail the spots that have been per« • 
ceivedupon the Sun's disc, it is concluded, with good rea- 
son, ynat these spots adhere to the surface of the Sun, and 
revolve with it, upon an axis, inclined a little to the plane 
of the ecliptic.) The apparent revolution of a spot, from any 
particular poiirf of the Sun's disc, to the same point again, 
is accomplished ii^ 27 days, 7 hours, 26 minutes, and 24 se- 
cond sjJ but during that time, the spot has, in fact, gone 
through one revolution^ together with an arc, equal to that 
described by the Sun, m his orbit, in the same time, which 

C reduces the time of the Sun's actual rotation on his axis, to 
25 days, 9 hours, and 36 minutes^ 

The part of the sun's disc not occupied by spots, is far 
from being uniformly bright. Its ground is finely mottled 
with an appearance of mmute, dark dots, or jtores, which, 

Bltutrate these phenomenaby diagramt. What eoocluskxii baw been drMm fiom 
these phenomena 7 What is the apparent time occupied by a spot in revoivinff flan any 
particular ooiat of the Sim's dis« to the same point a«ain 7 What is As aetoil tina oe> 
•upied by the revolution of the spot, and of oouiw by the Son on itsasist 
16 
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attentively watched, are found to be in a constant state of 
ohange. 

/ What the physical organization of the Sun may be, is a 
question which astronomy, in its present state, cannot solve. 
It seems, however, to be surrounded by an ocean of inex- 
haustible flame, with dark sp^s of enormous size, now and 
then floating upon its surfacefj From these phenomena. Sir 
I W. Herschel supposed the Ssn to be a solid, dark body, sui'- 
; rounded by a vast atmosphere, almost always filled with 
> luminous clouds, occasionally opening and disclosing the 
dark mass within^ The speculations of Laplace were dif- 
ferenti He imagmed the solar orb to be a mass of fire, and 
the violent effervescences and explosions seen on its surface, 
to be occasioned by the eruption of elastic fluids, formed 
in its interior, and the spots to be enormous caverns, like 
the craters of our volcanoes. \ Others have conjectured 
that these spots are the ^ops of/solar mountains, which are 
sometimes left uncovered by the luminous fluid in which 
they are immersed. 

Among all the conflicting theories that have been ad- 
vanced, respecting the physical constitu^on of the Sun, there 
is none entirely free from objection. CPhe prevailing one 
aeems to be, that the lucid matter of the Sun is neither a 
liquid substance, nor an elastic fluid, but that it consists of 
luminous clouds, floating in the Sun's atmosphere, which 
extends to a great distance, and that these dark spots are the 
opaque bod]L of the Sun, seen through the openings in his 
atmospher^T}. Herschel supposes that the density of the lu- 
minous clouds need not be greater than that of our Aurora 
Borealis, tor produce the eflects with which we are ac- 
quainted. ^ 

^Tjhe similarity of the Sun, to the other globes of the sys- 
tem/ in its supposed solidity, atmosphere, surface diversified 
with mountains and vallies, and rotation upon its axLs,^as 
led to the conjecture that it is inhabited, like the planets, by 
beings whose organs are adapted to their peculiar circum- 
stances. Such was the opinion of. the -late Dr. Herschel, 
who observed it unremittingly, with the most powerful tele- 
scopes, for a period of* fifteen years.j Such, too, was the 
opinion of Dr. Elliott, who attributes to it the most delight- 
ful scenery ; and, as the light of the Sun is eternal, so, he 

Have we been able to detennioe what the physical organization of the Sun is ? What 
was the theory of Sir w. Hecschel in regard to this sutqect ? What was that ofLapboc 3 
What is the prevailing theory 1 What circumstances nave led to the conjectoie that tha 
Sim is inhabited ? What was the opinion of Dr. Henchel on this point } How long had 
he observed it unremittingly, and with the most poweriul teiesoopes 7 What was tha 
opinion of Dr. Elliott upon the same point? 
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imajB^ined, were its seasons. Hence he infers tnat this 
luminary offers one of the most hlissful habitations for intel- 
ligent beings of which we can conceive. ., 



MERCURY. ' 

Mercury is th^^earest planet to the Suq that has yet , 
been discovered ; and with the exception of 4he asteroids, i 
is th^mailesl^ Its diameter is onl)(2984 miles.J Its bulk > 
thererore is about 18^ limes less than that of the l^arth. It 
would require more than(20 millions of such globes^o com- 
pose a body equal to the Sun. J 

Here the student should refer to the disu^rams, exhibiting the reUttive magni* 
tildes and distances of the Sun and planets, Plate L And whenever this sub- 
ject recurs in the course of this work, the student should recur to the figures 
of this plate, until he is able to form in his mind distinct conceptions of the 



relative magnitudes and distances of all the planets. The Sun uad planets 
' ■ ' ' -" - bulks are estimated bjlconapar^ ~ 

of Mercury being*2984 mile& 

and that of the earth 7924 ; tBeir bulks are as the cabe of 2981, to the cube of 



being spheres, or nearly so, <heir relative bulks are estimated bwcomparing 



tiie cubes of their diameters ) thus, the diameter oi Mercury being^2984 inilei 
and that of the earth 7924 ; 
7924, or as 1 to 18i, nearly, 



ETt, u< oa X w xof, ucauijr. , . 

It revolves on its axis fron^fwest to east iiK^24 hours, 5 

minutes, and 28 seconds ;\whi<5& makes its day about 10 

minutes longer than ours. ' It performs its revolution about 

the Sun in a fewmmutes less4han(88 davs^and at a mean 

distance of nearly^37 millions of miles!^ The length of 

Mercury's year, therefore, is equal to aboutAhree of our 

months.\ ^ 

v^The rottmon of a planet oiv its axis, constitutes its day & its revolution about 
the Sun constitutes its year.S '' 

Mercury is not only the most xlense of a]l the planets,' 
but receives from the Sun ^even times as muc^light and 
heat as the Earth. The truth of 'this estimate, of course, 
depends upon the supposition thatUhe intensity of solar light 
and heat at the planets, varie^ inversely as the squares of 
their distances from the Sun.ji 

This law of analogy, did irexist with rigorous identity at 
all the planets, would' be no argument against their being 
inhabited ; because we are bound to presume that the AU- 

■ ■ «■« 

What is the distance of Mercury from the Sun ? What ia its magnitude compared with 
that of the other planets? What is its diameter? How many sach bodies would it re- 
quire to compose a body equal to the Sun 7 How are the relative bulks of the pfaneieea- 
Wnated? In what direction does it revolve on its axjs, and what time does it occupy in 
the revolution 7 In how lonf time does it perform its revolution about the Sun 7 What Hi its 
mean distance from the Sun 7 What, then, ia the length of its year, compared with outS# 
What meanuree a planet's da^? What meaeures Us year? What is the density of 
lUurcury, compared with that of the other planets 7 How much light and heat does it 19- 
eeive, com^iared with the Earth 7 On what supposition does the truth of this estimats 
depend? Ifthu were really the fiust in regard to the plsnsts, would it be any argument 
■cainsttfaeir being inhabited? • —»- 
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wise Creator has attempered every dwelling place in his 
empire to the physical constitution of the hemgs which he 
has placed in it. ^ 

From a variety of fad|i which have been observed in relation to the produc-. 
tioa of calorie^ it does not appear probable, that the degree of heat on the sai^ 
face 0#|lhe different planets depends on their respective distances from the 
Sun. nt ia more probable, that it depends chiefly on the distribution of the 
Mitbittmtee of caloric on the surfaceyand throughout the atmospheres of these 
bodies, kt different quantities, accofding to the different situations which they 
occupy in the solar system ; and that ttiese different quantities of caloric are 
put into action by the influence of the solar rays, eo as to produce that degree 
of sensible heat requisite to the wants, and to the greatest benefit of each 
of the planets. On tliis hypothesis, which is corroborated by a great variety 
of facts and experiments, there *may be no more sensible heat experienced 
on the planet Mercury, than on the surface of Herschel, which is fifty times 
farther removed from the Sun. 

( Owing to the dazzling brightness of Mercury, the swifts 
ness of its motion, and its nearness to the Sun^Jastronomers 
have made but comparatively few discoverfes respecting 
it When viewed^ through a telescope of considerable 
ma^^nifying power/it exhibi^ at different periods, all the 
various phases of me Moon except that it never appears 
quite full, because its cnlightCTed hemisphere is never turned 
directly towards the Earth, only when it i^ behind the Sun, 
or so negr to it, as to be hidden by the splendour of its 
beams. Qts enlightened hemisphere being thus always turn- 
ed towards the Sun, and the opposite one being always darkJ 
prove that it is an opjique body, similar to the Earth, shining 
only in the light which it receives from the Sun. 
t^ The rotation of Mercury on its axis, was determined from 




high : — ^nearly three times as high as Chimboraza, in Soutn 
America. 



It is worthy of observation, that the highest mountains which have been die* 
covered in Mercurv^Venus, the Moon, and4>erfaap8 we may add the Earth, are 
all situated in theii^outhern hemispheres, j 



During a few days iiiMarch and April, August and Sep- 
tember! Mercury may W seen for several minutes, in the 
morning or evening twilight, when its greatest elongations 
happen in those months ; in all other parts of its orbit, it is 
|oo near the Sun to be seen by the naked eye. The greatest 
-^ jf 

On what does (he degree of heat at the different planets probably depend 7 Whjr 
have astronomen been able to make but comoaratively few digcoveries respecting Mer- 
cury 7 What is its appearance when viewed through a telescope of considerabte magnify 
'^ power 7 Wlwt circumstances pnnte that^it is an opaque body, shining only with the 
it of the sun ? How was the mtation of Mercury on its axis detennined, and by whom 1 
. .jat did ho discover aa its sur&oe 7 What was the altitude of the highest mountain 
which he saw T- In toMeh hemisphere are the highest numntaine which have been 
discovered in Mercury, Venus, and the Moon, Mituated 7 Does the samefitct exist in 
regard to the Sarth 7 Duzins what months may Mercury be seen for a few dajrs, and 
iBwhatiNutsoftheday? Why is it visible at these times, and oot^othsa} 
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distance that it ever departs from the Sun, on either side, 
varies frontJ.6° 12', to 28^ 48y altematelyy/ , 

/ The distance of a planet froiQ the^ttiffas seen from th# Earth.Vmeasared in 
degrees,) is called its elongation. Vhe greatest cUaolute distance of. a planet 
from the Sun is denominated its ajmelion, and the least ita perihelion. On the 
diagram, exhibiting the Relative Position of the Planets' Orbits, [Plate l.J these 
points are represented by little dots in the orbits at the extremities of the right 
lines which meet tliem ; the Perihelion points being above the Ecliptic, the 
Aphelion points below it. 

The revolution of Mercury about the Sun, like that of all 
th^ planetSj is performed ^rom west to eastjin an orbit vrhich 
is pearl j[ circular.^ Its apparent motion as seen from the 
earth, isjj^alternately, from west to east, and from east to west, 
nearly in straight lines ;! sometimes, directly across the face 
of the Sun, but at all other times, either a little above, or a 
little below it. 

f Being commonly immersed in the Sun's rays in the 
eVening, and thus continuing invisible till it emerges from 
them in the morning, it appeared to the ancients like two 
distinct stars. A long series of observations was requisite, 
before they recognised the identity of the star which Vas 
seen to recede from the Sun in the morning with that which 
approached it in the evening. But] as the one was never 
seen until the other disappeared, bo!h were at last found to 
be the sq,ine planet, which thus oscillated on each side of 
the Sun4 

Mercery's oscillation from west to east, or from east to 
west, is really accomplished in just half the time of its revo- 
lution, which is About 44 days; but as the Earth, in the mean- 
time, follows the Sun in the same direction, the apparent 
elongations will be prolonged to between 55 and 65 days. 

The passage of Mercury over the Sun's disc, is deno- 
minated a Transit. This would happen in every revo- 
lution, if the orbit lay in the same plane with the orbit of 
the Earth. But it does not ; it cuts the Earth's orbit in two 
opposite points, as the ecliptic does the equator, but at an 
angle three times less. 

See diagram, Relative Position of the Planets' Orbits, and their Inclination 
to the Plane of the Ecliptic. [Plate I.] The dark lines denote sections in the 
planes of the planets' orbits. The dotted lines continued from the dark lines 
denote the inclination of the orbits to the plane of the Ecliptic, which inclina- 
tion is marked in figures on them. Let the student fancy as many circular 
pieces of paper, intersecting each other at the several angleg of inclination 

What are the greatest distances which it departs from the Sun, on either side 7 W7M 
U the Elongation qf a planet 1 What is ita Aphelion J What is iu Perihelion 7 In 
what direction does Mercury revolve about the San 7 What is the figure of its orbit 7 De- 
scribe its apparent motion, as seen from tin Earth. How did it appear to the ailetents 7 
What was the cause of this appearance 7 How were these apparently two diBtincrstara 
at last found to be but one 7 what is the actual period of each ekmgation of MerguJ77 
•""^ • - "-' ■ fthisdiflbmoe? What does'" *- 



What the apparent peiiod 7 Whatistheeauseofthisdiflbmioe? What does the em 
•Joo. tnuistt of Meicury, signify 7 WhydoesitootnuiktatnmitatevwyravoltttiooY 
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marked oo this diagram, and he will be enabled to nnderstand more eaailj 
what is meant by the inclination of the planets' orbits. 

It will be perceived on 4fte diagram, that the inclination of Mercury's orbit 
to the plane of the ecliptic Is 7° 9'^ 

These points of intersection are called |he Nodes of the 
orbit.' Mercury's ascending node isfin the 16th degree ofi 
Taurds); its descending node in^tht 16th degree of Scorpio| 
As the Earth passes these nodes in November and Ma)\' 
the iraasits of Mercury must happen, for many ages to come, ' 
in one of these months. 

The following is a list of all the Transits of Mercury from the time the first 
was observed by Gassendi, November 6, 1631, to the end of the present cen- 
tury. 

1835 Nov. 7. 
1845 May 8. 
1848 Nov. 9. 
1861 Nov. 11. 
1868 Nov. 4. 
1878 May 6. 
1881 Nov. 7. 
1891 May 9. 
1394 Nov. 10. 

Bv comparing the mean motion of any of the planets with the mean motion 
of the Earth, we may, in lilce manner, determine the periods in which these 
bodies will* retnrn to tiie same points of their orbit, and tlie same positions 
with respect to the Sun. The knowledge of these periods will enable us to 
determine the hour when the planets nse, set, and pass the meridian, and in 
general, all the phenomena dependent upon the relative position of the Earth, 
the planet, and the Sun ; for at the end or one of these periods they commence 
a^ain, and all recur in the same order. We have only to find a number of 
sidereal years, in which the planet completes exactly, or very nearly, a certain 
number of revolutions ; that is, to find such a number of planetary revolutions, 
as. when taken together, shall be exactlv equal to one, or any number of re- 
volutions of the Earth. In the case of Mercury, this ratio will be, as 87.969 is 
to 365.256. Whence we find, that, 
7 periodical revolutions of the Earth, are equal to 29 of Mercury : 
' 13 periodical revolutions of the Earth, are equal to 54 of Mercury : 
^ periodical revolutions of the Earth, are equal to 137 of Mercury : 
46 periodical revolutions.of the Earth, are equal to 191 of Mercury. 
Therefore, transits of Mercury, at the same node, may happen at intervals of 
7, 13, 33, 46, dtc. years. Transits of Venns, as well as eclipses of the Sun and 
Moon, are calculated upon the same principle. 

The sidereal revolution of a planet respects its absolute motion ; and ii 
measured by the time the planet takes to revolve from any fixed star to the 
same star again. 

The synodical revolution of a planet respects its relative motion ; and is 
measured by the time that a planet occupies in coming back to the same posi- 
tlon vrith respect to the Earth and the Sun. « 

The sidereal revolution of Mercury, is 87d. 23h. I5ra. 44s. Its synodical re- 
volution is found by dividing the whole circumference of 360° by its relative 
motion in respect to the Earth. Thus, the mean daily motion of Mercury is 

What are the points where the oibits of the planets intersect the oihit of the Earth call- 
ed? Where is Mercury's ascending node? where is its descending node? In what 
months must the transit of Mercury occur for many ages to come ? W by roust they occur 
m these months T JSoio can tee determine the periods in. wMch the planets will return 
to the same points of their orbits, and the same positions in respect to the Sun 7 Why 
UU useful to know these periods ? State the method of making the computation. 
What wiU the ratio he in the case of Mercury 7 State the ratio between the periodi- 
Oil reoolutfons of the Earthjond Mercury. At what intervals then may transits qf 
Mercury at the same node Nmpen 7 Upon what principle are transUs if Venus, 
and eclipses qfthe Sun and Moon, calculated 7 What is the sidereal revMution qfa 
Planet 7 What is the synodical revolution 7 What ie the time of the sidereal revo- 
mUm cf Mercury 7 State the method «f computing the lime qftAe synodical revo- 
hUUm. Qom/ptaetntsynodimrwifmmffmaresuv^ 



▼ENU8. 187 

14732'^ .666 ; that of the Earth is 3548''' .318 ; and their difference is 11184'' .237» 
being Mercury's relative motion, or what it gains on tlic Earth every day. Now 
by simple proportion, Hl^".237 is to 1 day, as 360© is to 115d. 21h. 3', 25", the 
period of a synodical revolution of Mercury. 

The absolute motion of Mercury in ils orbit, is]l09,757 
miles\an Jaour; t^iat of the Earth, is .68,2S8imiks : the 
difiference, 41,469 miles, is the mean Motive motion of 
Mercury, wilt respect to the Earth. 



^f 



VENUS. 



There are but few persons who have not observed a beau- 
tiful star in the west, a little after sunset, called the evening 
star/ This star iswenus.' It is the second planet from the 
Sun. V It is the bri^test star in the firmament, and on this 
account easily distinguished from the other planetslj -< 

If we observe this planet for several days, we shall find 
that it does not remain constantly at the same distance from 
the Sun, but that it appears to approach, or recede from him, 
at the rale of about three fifths of a degree every day ; and 
that it is sometimes on the east side of nim, and sometimes 
on the west, thuslcontinually oscillating backwards and for- 
wards between certain limits. 

As Venus never departs quite 48° from the Sun^ it is 
never seen at midnight, nor in opposition to that luminary ; 
being visible only about three hours after sunset, and as long 
before sunrise,! according as its right ascension is greater 
or less than thkt of the Sun. At fost, we behold it only a 
few minutes after sunset; the next evening we hardly dis- 
cover any sensible change in its position; but after a few 
days, we perceive that it has fallen considerably behind the 
Sun, and that it continues to depart farther and farther from 
him, setting later and later every evening, until the distance ^ 
between it and the Sun, is equal to a little more than half 
the space from the horizon to the zenith, or albout 46°.; 

It now begins to return towards the Sun, making th^ same 
• daily progress that it did in separating from him, and to set 
earlier and earlier every succeeding evening, until it final- 
ly sets with the Sun, and is lost in the splendour of his 
light. 

A ftw days after the phenomena we have now described, 

What is tbe rate per hour of the absolute motion of Mercury in its orbit ? Of the Earth 1 
What is the mean relative motion of Mercury with resMpt to tbe Earth 1 What beautiful 
■tar sometimes appears in tbe west a little after suns^ What is tho conapawitive dis- 
tance of Venus from the Sun ? What is its compaiathre brichtness 7, In what duectton is 
its apparent motion ? Why Is it never seen at mujpiffat, nor m oppontipn to the Sun ? At 
what tunes is It visible ? How long afier aunset is ttwfaso W9 fint behold it m tto west 1 
Describe its ciianges of position. 
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we perceive, in the morning, near the eastern horizon, a 
bright star which was not visible before. This also is 
Venus, which is now called the morning star. It departs 
farther and farther from the Sun, rising a little earlier every 
day, until it is seen about 46°<westof him, where it appears 
stationary for a few days ; then it resumes its course towards 
the Sun, appearing later and later every morning, until it 
rises with the Sun, and we cease to behold it. In a few days, 
the evening star again appears in the west, very near the 
setting-sun, and the same phenomena are again exhibited. 
Such are the visible appearances of Venus. 

Venus revolves about ^the Sun [from west to east in 2241- 
day s,' at the distance of i^bont 68Tnillions of miles, .moving 
in het orbit at the rate of 80 thousand miles an hotfr.^ She 
turns around on her axis once in 23 hours, 21 minutes, and 
7 seconds. Thus her day is about 25 minutes shorter than 
ours, while her year is equal to 7^ of our months, or 3^ 
weeks. 

The mean distance of the Earth from the Sun is estimated 
at 95 millions of miles, and that of Venus being 68 millions, 
the diameter of the Sun, as seen from Venus, will be to his 
diameter as seen from the Earth, as 95 to 68, and the surface 
of his disc as the square of 95 to the square of 68, that is, as 
9025 to 4626, or as 2 to 1 nearly. The intensity of light 
and heat being inversely as the squares of their distances 
from the Sun, Venus receives twice as much light and heat 
as the Earth. 

Her orbit is within the orbit of the Earth ; for if it were 
not, she wfould be seen as often in opposition to the Sun, as 
in conjunction with him; but she was never seen rising in 
the east while the Sun was setting in the west. Nor was 
she ever seen in quadrature, or qa the meridian, when the 
Sun was either rising or settiiig. j Mercury being about 23° 
from the Sun, and Venus 46°J the orbit of Venus must be 
outside of the orbit of Mercury, 

The true diameter of Venus is 7621 miles ; but her ap- 
parent diameter and briffhtness are constantly varying,^ ac- 
cording to her distance from the Earth.' When Venus and 
the Earth are on the same side of the Sun, her distance 

In what direction, and in what time, does Venus rerolve about the Sun ? What is her 
distance from the Sun 7 What is the rate per hour of her motion in her orbits In what 
time does she revolve on her axis ? How are the lengths of her day and year, compared 
with those of the Earth ? How much larger does the Sun appear at Venus than he does at 
the Earth i How much more lj||lt and heat does she receive from Iiim, than the Jb^rtA ? 
How much farther is Venus from the Sun than Mercury 7 On which side of the mbit or 
Mercury must her orbit be ? What is her true diameter 1 , In what proportion do h^ao- 
parenl diameter and> brightness constaintly vary? What la her distance tfom the £ano 
when they axe both on the same tide oftha Sun? 
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from the Earth isjonly 26 millions of miles; When they are 
on opposite sides of the Sun, her distance id '164 millions 
of miles. / Were the whole of her enlightened hemisphere 
turned towards us, when she is nearest, she would exhibit 
a light and brilliancy twenty-five times greater thai\ she 
generally does, and appear like a small brilliant moon ;, but, 
at that time, her dark hemisphere ^ is turned towards the 
Earth. ' 

When Venus approaches nearest to the Earth, her apparent, or observed 
diameter, i8-61".2a when most remote, it is oAly 9"^ l now61".2-5-9".6 -=6|, 
hence when> nearest the Earth her apparent diameter Is 6| times greater than 
when most distant, and surface of her disc (6})^, or nearly 41 times jipreater. 
In this work, the apparent size of the heavenly bodies is estimated from the 
apparent surface of their discs,^ which is always proportional to the squares of 
their apparent diameters. ^ 

iWhen Venus' right ascension is less than that of the Sun, 
e rises before him ; when greater, she appears after his 
setting./ She continues alternately morning and evening 
kar, for a period of 292 days, each time: 
S^^ To those who are but little acquainted with astronomy, 
g 5 it will seem strange, at first, that Venus should apparently 
H.<f^jcontinue longer on the east or west side of the Sun, than 
g H^ the whole time of her periodical revolution around him. But 
^ to it will be easily understood, when it is considered, that while 
^ aT ^^^"^ moves around the.Sun, at the rate of about 1*^ 36' of 
' ^ o [ angular motion per day, the Earth follows at the rate of 59'; 
S. S so that Venus actually gains on the Earth, only 3T in a 
^ 65- ^ay. 

H S ^ow it is evident that both planets will appear to keep on 
Z" £ the same side of the Sun, until Venus has gained half her 
g. p, orbit, or 180° in advance of the Earth; and this, at a mean 
C 2 rate, will require 292 days, since 292X37'= 10804', or 180° 
£ nearly. 

g Mercury and Venus are called Inferior* planets, because 

^ their orbits are within the Earth's orbit, or between it and 

. the Sun. The other planets are denominated Superior^ 

because their orbits are without or beyond the orbit of the 

* In almost all works on Astronomy, Mercury and Venus are denominated inferior 
planets, and the others, superior. But as these terms are employed, not to express the 
relative atzeof the planets, but to indicate their tUuation wMi respect to the Earth, it 
* woold be better to adopt the terms interior and exterior. 

What is It when fhcy are on opposite sides of the Sun? Which hemisphere is turned 
towards the Earth when she is nearest to us? Were her enlightened hemispliere turned 
towards us at that time, how would her light and brfliiancy be compared with that which 
•he generally exhibits, and what would be her appearance? What i» the length of her 
apparent diameter when she fa nearest to the Earth 1 What is it when she is most 
remote 7 How is the apparent size of a heavenly body estimated in this work ? In 
what circumstances does Venus rise before, and in what sot after, the Sun ? How lor-* 
does she continue, each time, alternately morning and evening star ? Why does she a 
pear longer on the east or west side of tBe Sun than the whole time of her periodical rr* 
latjoo around him ? Why are Mercury and Venus called Inferior pUneta 1 Why ace 
other planeti termed Supedor planeta 7 
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Earth. [Plate /.] As the orbits of Mercury aod Venus 
lie within the Earth's orbit, it is plain, that once in every 
synodical revolution, each of these planets ■\frill b^ in con- 
j unction on the same side pf the Sun. In the former case, the 
planet is said to be in its inferior conjunction^ and in the 
latter case, in its superior conjunction ; as. in the following 
figure. 

CONJUNCTION AND OPPOSITION OP THE PLANETS. 
Pig. 5. 




The period of Venas' synodical revolution is found in the same manner as 
tHat of Mercury ; namely, by dividing the whole circumference of her orbit 
by her mean relative motion in a day. Thus, Venus' absolute mean daily 
motion is 10 36' 7".8, the Earth's is 59' 8".3, and their difference 36'59".5. 
Divide 360° by 36' 59".5, and it gives 583.920, or nearly 584 days, for 
Venus' synodical revolution, or the period in which she is twice in conjunc- 
tion with the Earth. 

Venus passes from her inferior to her superior conjunction 
in about 292 days. At her inferior conjunction, she is .26 
millions of miles^from the Earth 5 at her superior conjunc- 
tion, 164 millions of miles. 

How oflen, in every synodical revolution, will each of these planets be in conjonctioa 
on the same side of the Sun that the Earth is? How often on the opposite side 7 Ex- 
plain this. What names distineuiab these two species of conjunction ? Bow ia the «y- 
nodical revoltttion of VeniM found 7 Make the calctUation. How long is she m pwM- 
ins from her inferior to her superior conjunction 7 How far is she fiom the Earth at ber 
inftcior conjunction? How far at her superior) 
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It might be expected that her brilliancy would be propor- 
tionally increased, in the one case, and diminished, in the 
other; and so it would be, were it not that her enlightened 
hemisphere is turned more and more from us, as she ap- 
proaches the Earth, and comes more and more into view as 
she recedes from it. It is to this cause alone that we must 
attribute the uniformity of. her splendour as it usually ap- 
pears to the naked eye. 

Mercury and Venus present to us, successively, the 
various shapes and appearances of the Moon ; waxing and 
waning through diflferent phases, from the beautiful crescent 
to the full rounded orb. This fact shows, that they revolve 
around the Sun, and between the Sun and the Earth. Let 
the pupil endeavour to explain these phases on any other 
supposition, and he will be convinced that the system of 
Ptolemy is erroneous, while that of Copernicus is confirmed. 

It should be remarkeil, however, that VenuB is never seen when she is entire* 
ly /ttW» except once or twice in a century, wlien she passes directly over the 
Sun's (iisc. At every other conjunction, slie is either behind the bun, or so 
near liini as to be hidden by tlic snicndour of his light.^ The diagram on the 
next page will better illustrate trie vari<nis apj>carancee of Venus, as she 
moves around the Sun, tlian any description of them could do. 

From her inferior to her superior conjunction, Venus ap- 
pears on the west side of the Sun, and is then our morning 
star; from her superior to her inferior conjunction she ap- 
pears on the east side of the Sun, and is then our evening 
star. 

* The eminent astronomer, Thomas Dick. LL. D., well known in this country as the 
author of the ClH-istian Pliiloflophcr, Philosophy of a Future s5tat.«s &c., in a review of this 
remaric, observes—" This ouglit not to lie laid tlown as u pflnoral truth. About the year 
1813, I made a great variety of ubsen'ations on Venus in Uh; day time, by an equatorial 
instrument, and found, that she could he seen when only l** 37' from the Sun's margin, 
and nijnsequenlly may be seen at I lie moment of her sujierior conjunction, when her geo* 
centric latitude, at that time, equals or exceeds 1® 43'. I have some faint expectations of 
being able to see Venus, in the course of two or three days, ut her superior coojunction, 
if the weather be favourable."— iliarcA 3, IS34. 

Why is not her brilliancy proportionably increased in the former case, and diminished 
in the latter 7 What apptiarancos do Mercury and Venus present to us ut difierent times? 
What supposition is necessary for the cxpknation of tliesc phases 7 What system do 
they tend to refute 7 Wliat system do tliey confirm 7 Uoio often is Vnivs seen token 
she is entirely full 7 Why is she not seen at thefvU qftener 7 In what part of her or- 
bit does Venus appear on the west side of the Sun I In what on the east } In what parts 
is SIM!) alternately, mooiiog and evening star 7 
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Like Mercury, she sometimes seems to be stationary. 
Her apparent motion, like his, is sometimes rapid ; at one 
time, direct^ and at another, retrograde ; vibrating alternate- 
ly backwards and forwards, from west to east, and from east 
to west. T hese vibrations appear to extend from 45° to 47°, 
on each side of the Sun. 

Consequently she never appears in the eastern horizon, more than three 
hours before sunrise, nor continues longer in the western horizon, after sun- 
set. Any star or planet, therefore, however brilliant it may appear, which is 
seen earlier or later than this, cannot be Venus. 

In passing from her western to her eastern elongation, her 
motion is from west to east, in the order of the signs ; it is 
thence called direct motion. In passing from her eastern 
to her western elongation, her motion with respect to the 
Earthj is from east to west, contrary to the order of the 
signs ; it is thence denominated retrograde motion. Her 
motion appears quickest about the time of her conjunctions ; 
and she seems stationary, at her elongations. She is bright- 
est about 36 dajrs before and after her inferior conjunction, 
when her light is so great as to project a visible shadow in 
the night, and sometimes she is visible even at noon-day. 

In the following figure, the outer circle represents the Earth's orbit, and the 
inner circle, that of Venus, while she moves around the Sun, in the order of the 
letters a, 0, c, d, &c. When Venuais at a^ she is in her inferior conjunction, 
between the Earth and Sun ; and is in a situation similar to that of the Moon 
at her change, being then invisible, because her dark hemisphere is towards 
the Earth. At c, she appears half enlightened to the Earth, like the Moon in 
her first quarter ; at d, she appears almost full, her enlightened side being 
then almost directly towards the Earth ; at c, she is in her superior conjunc- 
tion, and would appear quite full, were she not directly behind the Sun, or 
so near him as to be hidden by the splendour of his light ; at /, she appears 
to be on the decrease ; and at g, only half enlightened, like the Moon in her 
last quarter : at a, she disappears again between the Earth and the Sun. In 
moving from g to c, she seems' to go backwards in the heavens, because she 
moves contrary to the order of the signs. In turning the arc of the circle 
from retrograde to direct motion, or from direct to retrograde, she appears 
nearly stationary for a few days ; because, in the former case, she is going 
almost directly /mm the Earth, and in the latter, coming towards it. As she 
describes a much larger portion of her orbit in going from c to g-, than from ff 
to c, she appears much longer direct than retrograde. At a mean rate, her re- 
trogradations are accomplished in 42 days. 

Describe hor apparent motion. How far on each side of. the Sun do the vibrations of 
Venus extend? What then is the longest time \iefore sunrise that she appears in th€ 
eastern horizon 7 What the longest time after sunset that she appears in the west- 
ern ? What is the direction of her motion while she passes from her western to her east- 
era elongation ? Why is it called direct motion? What is its direction as tthe passes 
from her eastpra to her westem eloneation 7 Why is it called retroerade ? When is her 
apparent motion quickest ? When does she appear stationary? When is she brigiitest 7 
How great is her light at this time 7 

17 



194 



TENU8. 
DIRECT AND RETROGRADE MOTION. 




If the orbit of Venus lay exactly in the plane of the 
Earth's orbit, she would pass centrally across the Sun's 
disc, like a dark round spot, at every inferior conjunction ; 
but as one half of her orbit lies about 3P above the ecliptic, 
and the other half as far below it, she will always pass the 
Sun a very little above or below it, except when her in- 
ferior conjunction happens in, or near, one of her nodes ; 
in which case she will make a transit. [Relative position 
of the PlaneVs Orbits^ Plate I—Plane of Venus — Inclina- 
tion 3° 23'.] 

This phenomenon, therefore, is of very rare occurrence : 
it can happen only twice in a century ; because it is only 
twice in that time that any number of complete revolutions 
of Venus, are just or nearly equal to a certain number of 
the Earth's revolutions. ' 

The principle which was illustrated in predicting the transits of Mercury, 
applies equally well to those of Venus ; that is, we must find such sets of 
numbers, (representing complete revolutions of the Earth and Venus,) aa 
shall be to each other in the ratio of their periodical times, or as 365 256 is to 
234.7. Thusi the motion of Venus, in the Julian years, is 210G591".G2; 
tliat of the Earth for the same period being 129627".45, the ratio will be 

Why does noi Venus pass centrally across the Sun's disc at every infoior conjanction? 
In what drcumstances will she make a transit across the sun? How often can this phe- 

?fs?.* ' 
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f j i f I ? ^ ^^.-f-f-. Ab the two terms of tills fractioii cannot be lednced by a 
commdH divisor, we must miiUiplv them by sucb numbers as will make one 
R iitultiple of the other ; accordingly, 13 times the deooniinator will be nearly 
equal to 8 times the numerator ; and 475 times the denominator will equal 291 
times the numerator. 

By combining these two periods and their multiples by addition and sub* 
traction, we shall obtain the period of all the transits that have ever happened. 
Thus; 291— 8y 7— 235, another period; and 291— 6X9 »°'243^ another period, 
and so on. Whence we find that, 

Speriodical revolutions of the Earth, are equal to 13 of Veiitis. 

235 periodical revolutions of the Earth, are equal to 382 of Venus. 

243 periodical revolutions of the Earth, are equal to 395 of Venus. \ 

251 periodical revolutions of the Earth, are equal to 408 of Venus. 

291 periodical revolutions of the Earth, are equal to 475 of Venus. 

Hence a transit of Venus may happen at the same node, after an interval 
of 8 years ; but if it do not happen then, it cannot take place again, at the 
same node, in less than 235 years. The orbit of Venus crosses the ecliptic 
Dear the middle of Gemini and Sagittarius ; and these points mark the po- 
sition of her nodes. At present, her ascending node is in the 14th degree of 
Gemini, and her descending node, in the same degree of Sagittarius. 

The Earth passes her ascending node in the beginning of 
December, and her descending node, in the beginning of 
June. Hence, the transits of Venus, for ages to come, will 
happen in December and Jun^. The hrst transit evei 
known to have been seen by any human being, took place 
at the ascending node, December 4th, 1639.* If to this 
date, we add 235 years, we shall have the time of the next 
transit at the same node, which will accordingly happen in 
1874. There will be another at the same node in 1882, 

* This phenomenon was first witnessed by Horrax, a yoww gentleman atiout 21 years 
ofa£c. living in an obscure villaee 15 miles north of Liverpool. The tables of Kepler, con- 
structed upon the observations orTycho Brahe, indicated a transit of Venus in 163 1, Iwt 
none was observed. Horrox, without much assistance from books and instruments, set 
himself to inquire into the error of the tables, and found that such a phenomenon might 
be expected to happen in 1639. He reiieated his calculations during this interval, with 
all thb carefulness and enthusiasm of a scholar ambitious of being the first to predict and 
observe a celeHtial phenomenon, which, from the creation of tm world, had never be«i 
witnessed. Confident of the result, he communicated his expected triumph to a confi- 
dential friend residing in Manchester, and desired bim to watch for the event, and to take 
observations. So anxious was Horrox not to &il of witnessing it himself, that he com- 
menced his observations the day before it was expected, and resumed them at the rising 
of the Sun on the morrow. But the very hour wnen his calculations led him to expect 
the visible appearance of Venus upon the Sun's disc, toan al»o the appointed hour for 
the public worship of Goo on the Sabbath. The delay of a few minutes might deprive 
him forever of an opimrtunity of observing the transit If its very commencement were 
not noticed, clouds miglit intervene, and conceal it until the Sun should set : and nearly a 
century and a half would elapsie before another opportunity would occur. Hu had been 
waiting for the event with the most ardent anticipation for eight years, and the result pro- 
mised much benefit to the science. Nottoithttanding all thit, Horrox twice suspend- 
ed his observations, and twice repaired to the Hou*e of God, the Great Author of the 
bright worlds he deliphted to contemplate. When his duty was thus performed, and he 
had returned to his chamber the second time, his love of science was gratified with full, 
success ; and he saw what no mortal eye had observed before ! 

If any thing can odd interest to this incident, it is the modesty with which the young 
astronomer apologizes to tlie world, for suspending his observations at all. 

" I observed it," says he, " from sunrise till nine o'clock, again a little before ten, and 
lastly at noon, and from one to two o'clock ; the rest of the day being devoted to higher 
duties, which might not be neglected for these pastimes." 

After how long an interval may a transit of Venus happen again at the same node 9 
If it do not happen then, how long a period must elapse before it will occur again 
at the same node 7 Where does the orbit of Venus cross the ecliptic, and where are 
her nodes 7 In what months, for ages to come, will the transits of Venus happen, and 
why 7 At which node, and when, did the first transit of Venus ever kDQfwn to have been 
obierved, take place ) When inll the next two tianutaooour} 
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eight years afterwards. It is not more certain that this phe- 
nomenon will recur, than that the event itself will engross 
the attention of all the astronomers then living upon the 
Earth. It will be anticipated, and provided for, and observ- 
ed, in every inhabited quarter of the globe, with an inten- 
sity of solicitude which no natural phenomena, since the 
creation, has ever excited. 

The reason why a transit of Venus should excite so great 
an interest, is, because it may be expected to solve an im- 
portant problem in astronomy, which has never yet been 
satisfactorily done : — a problem whose solution will make 
known to us the magnitudes and masses of all the planets, 
the true dimensions of their orbits, their rates of motion 
around the Sun, and their respective distances from the Sun, 
and from each other. It may be expected, in short, to furnish 
a universal standard of astronomical measure. Another 
consideration will render the observation of this transit pe- 
culiarly favourable ; and that is, astronomers will be supplied 
with better instruments, and more accurate means of obser- 
vation, than on any former occasion. 

So important, says Sir John Herschel, have these observations appeared to 
astronomers, that at the last transit of Venus, in 17G9, expeditions were fitted 
out, on the most efficient scale, by the British, French, Russian, and other 
governments, to the remotest corners of the globe, foi* the express purpose 
of making them. The celebrated expedition of Captain Cook to Otaheite, 
was one of them. The general result of all the observations made "on this 
most memorable occasion, gives 8".5776 for the Sun's horizontal parallax. 

The phenomena of the seasons, of each of the planets, 
like those of the Earth, depend upon the inclination of the 
axis of the planet, to the plane of its orbit. The inclination 
of the axis of Venus to the plane of her orbit, though not 
precisely known, is commonly estimated at 75° ; which is 
more than three times as great as the inclination of the 
Earth's axis to the plane of the ecliptic. The north pole of 
Venus' axis inclines towards the 20th degree of Aquarius ; 
the Earth's towards the beginning of Cancer; consequently, 
the northern parts of Venus have summer in the signs where 
those of the Earth have winter, and vice versa. 

The declination of the Sun on each side of her equator, 
must be equal to the inclination of her axis ; and if this ex- 
tends to 75°, her tropics are only 15° from her poles, and 
her polar circles 15^^ from her equator. It follows, also, that 
- . 

Why will the next transit excite a very great and universal interest? Upon what do the 
pftienomena of the seasons of each of the planets depend 1 What is the estimated inclina* 
tion of the axis of Venus to tlie plane of her orbit ? How does this inclination comparo 
with that of the Earth's axis to the piane of the eclipticl What seasons have the north- 
em parts of Venus, when those of the Earth have vnnter ? How do we know this ? To 
what must the declination of the Sun on each side of her equator be e<]uaJ 1 How &r ora 
ber tropics from her poles, and her polar circles from facr equator 1 
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the Sun must change his deoHnation more in one day at 
Venus, than in five days on the Earth ; and consequently, 
that he never shines vertically on the same places for two 
days in succession. This may perhaps be providentially 
ordered, to prevent the too great effect of the Sun's heat, 
"which, on the supposition that it is in inverse proportion to 
the square of the distance, is twice as great on this planet 
as it is on the Earth. 

At each pole, the Sun continues half a year* without set- 
ting in summer, and as long without rising in winter; con- 
sequently, the polar inhabitants of Venus, like those of the 
earth, have only one day and one night in the year; with 
this difference, that the polar days and nights of Venus are 
not quite two thirds as long as ours. 

Between her polar circles, which are but 15*^ from her 
equator, there are two winters, two summers, two springs, 
and two autumns, every year. But because the Sun stays 
for some time near the tropics, and passes so quickly over 
the equator, the winters in that zone will be almost twice as 
long as the summers. 

TELESCOPIC APPEARANCES OF VENDS. 

Fig. 8. 




When viewed through a good telescope, Venus exhibits 
not only all the moon- like phases of Mercury, but also a va- 
riety of inequalities on her surface ; dark spots, and brilliant 
shades, hills, and valleys, and elevated mountains. But 
on account of the great density of her atmosphere, these in- 

* That is, half of Venus' year, or 16 weeks. 

How much more must the Sun change his declination in one day at Venus than on Uia 
Earth? Why, perhaps, is this so ordered ? How many days and nights have her polar 
inhabitants during the year ? How long are these days and nights, compared with liioso 
of our polar inlmbitants 7 How many, and what seasons, has Venus between her polar 
circles ? What is the length of the winters in this zone, compared with ttiat ot the sum- 
mere ? What appearances, besides her moon-Lke phases, doea Venus exhibit when seen 
throogh a good telescope? 

17* 
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eqaalities are perceived with more difficulty than those up- 
on the other planets. 

The mountains of Venus, like those of Mercury and the 
Moon, are highest in the southern hemisphere. According 
to M. Schroeter, a celebrated German astronomer, who 
spent more than ten years in observations upon this planet, 
some of her mountains rise to the enormous height of from 
10 to 22 miles.* The observations of Dr. Herschel do not 
indicate so great an altitude ; and he thinks, that in general 
they are considerably overrated. He estimates the diame 
ter of Venus at 8,649 miles ; making her bulk more than 
one sixth larger than that of the Earth. Several eminent 
astronomers affirm, that they have repeatedly seen Venus 
attended by a satellite, and tney have given circumstantial 
details of its size and appearance, its periodical revolution^ 
and its distance from her. It is said to resemble our Moon 
in its phases, its distance, and its magnitude. Other astro- 
nomers deny the existence of such a body, because it was 
not seen with Venus on the Sun's disc, at the transits of 
1761, §nd 1769. 



THE EARTH. 

The Earth is the place from which all our observations 
of the heavenly bodies must necessarily be made.) The ap- 
parent motions of these bodies being very considerably af- 
fected by her figure, motions, and dimensions, these hold 
an important place in astronomical science. It will there- 
fore be proper to consider, first, some of the methods by 
which they have been determined. 

If, standing on the sea-shore, in a clear day, we view a 
ship leaving the coast, in any direction^ the hull or body of 
the vessel firSt disappears ; afterwards the rigging, and lastly, 
the top of the mast vanishes from our sight. Those on board 
the ship, observe that the coast first sinks below the horizon, 
th^nthe buildings, and lastly the tallest spires of the city 

* 1st, 2S.05 mUet : 9d, 18.97 milet ; 3d, 11.44 mileg ; 4th, 10.84 milei. 
Why is it more difficult to perceive the ioequalitiei on her sorftice than those on tho 



ttroate 7 How much la^er, then, must stie be than the Earth 7 Some astronomers affirm 
that they have seen Venus attended bv a satellite, why do others deny the existence of 
such a body 7 Why is it important, m an astronomical view, to be acquainted with thQ 
fienre, dimensions, and motioM of the* Earth 7 Mention some of the ixooft of the 000* 
vezi(yofitssui&ce7 
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whieh they are leaving. Now these phenomena are evi- 
dently caused by the convexity of the water which is be- 
tween the eye and the object ; for, were the surface of the 
sea merely an extended plain, the largest objects would be 
visible the longest, and the smallest disappear first. < 

CONVEXITY OF TBE EARTH. 
Fig. 9. 




Again : navigators have sailed quite around the Earth, 
and thus proved its convexity./^ 

\Ferdinan^ Ma|cnan, a Portuguese^ was the first who carried this enterpriae 
into execution. Tile embarked rroaf Seville, in Spain, and directed his course 
towards the wen. After a long voyage, he descried the continent of America. 
Not finding an opening to enable him to continue his course in a westerly 
direction, he sailed along the coast towards the south, till, coming to its sou** 
thcra extremity, he sailed around it, and found himself in the great Southern 
Ocean. He then resumed his course towards the west. After some time hb 
arrived at the Molucca Islands, in the Eastern Hemisphere ; and sailing con- 
tinually towards the west^ he made Europe from the east ; arriving at the place 
from which he set out. 1 

Tlie next who circunniavigated the Earth, wasi'Sir Francis Drake^'who sail- 
ed from Plymouth, December 13, 1577, with five^mall vessels, and arrived at 
the same place, September 26, 1580. Since that time, the circumnavigation of 
the Earth has been performed by Cavendish, Cordes, Noort, Sharten, Here* 
mites, Dainpier, Woodes, Rogers, Schovten, Rog^ewin, Lord Anson, Byron, 
Carteret, Wallis, Bougainville, Cook, King, Clerk, Vancouver, and many others. 

These navigators, by sailing in a westerly direction, al- 
lowance being made for promontories, &c. arrived at the 
country they sailed from. Hence, the Earth must be either 
cylindrical or globular.^ It cannot be cylindrical,, because, 
if so, the meridian distances would all be equal to each other, 
which is contrary to observation. The figure of the Earth 
is, therefore, spherical. 
, The 'convexity of the Earth, north and south, is proved 
v^ by the altitude of. the pole, and of the circumpolar stars,; 

• '■ : ' I 

* Magellan tailed from Seville, in Spain, Aasust 10, lSt]», in the ship called the Victo- , 
ry, accompanied by four other vessels. In April, 1521, he was killed in a skirrai^with ' 
the natives, at the island of Sehu, or ZeUUt sometimes called Matan, one of theThilip- i 
pines. One of his vessels, however, arrived at St. Lucar, near Seville, September 7, 1529^ ' 

Whojlrst sailed around the Earth ? Describe briejly hie voyage. Who next eir- 
eunmavigated the Earth? Describe hie vouoffe. Mention the names cf some €ff those 
tofto have since aceompUshed this enterprise. What may we infer fiom these ftcts n 
Rgard tu the figure of the Earth? How is the oonveatj orber surface proved) 
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which is found unifonnly to increase as we approach them, 
while the inclination to the horizon, of the circles described 
by all the stars, gradually diminishes. While proceeding 
in a southerly direction, the reverse of this takes place. 
The altitude of the pole, and of the circumpolar stars, con- 
tinually decreases; and all the stars describe circles whose 
inclination to the horizon increases with the distance. 
Whence we derive this general truth : The altitude of one 
pole, and the depression of the other, at any place on the 
Earth^s surface, is equal to the latitude of that place. 

Another proof of the convexity of the earth's surface is, 
that the higher the eye is raised, the farther is the view ex- 
tended. An observer may see the setting sun from the top 
of a house, or any considerable eminence, after he has ceas- 
ed to be visible to those below. 

<r The curvature of the Earth for one mile is 8 inches ; and ihis curvature 
increases with the square of the distanc^ From this general law, it will be 
easy to calculate the distance at which any object whose height Is given, may 
be seen, or to determine the height of an object when the distance is tcnowo. 

1st. To find the height of the object when the distance is given. 

RcL^ f\nd the square of the distance in milesj and take ttoo thirds of that 
nuinbnrfor the height in feet.j 

Ex. 1. — How.high must the "^ve of an observer be raised, to see the surface 
of the ocean, at the distance ot'^ three miles 1 Ans. The square of 3 ft., is 9 
ft., and I of 9 ft. is 6 ft. Ex. 2. Suppose a person can just see the top of a 
spire over an extended plain often miles, how high is the steeple 1 Ans, The 
square of 10 is 100, and | of 100, is 66|, feet. 

2. To find the distance, when the height is given. 

Rule, f Increase the height in/eet om half, and extract the square root j for 
the distartcey in miles. \ 

Ex. 1 .—How lar can'Si person see the surface of a plain, whose eye is ele- 
vated six feet above it 1 Ans. 6, increased by its half, is 9, and the square 
root of 9 is 3 ; the distance is then 3 miles. Ex. 2.— To what distance can a 
person see a light-house whose height is 96 feet from the level of the ocean 1 
Ans. 96 increased by its half, is 144, and the square root of 144 is 12 ; the 
distance is therefore 12 miles. 

3, To find the curvature of the Earth when it exceeds a mile. 
Rule. Multiply the square of the distance by ^00CU2G. 

Although it appears from the preceding facts, that the 
Earth is spherical, yetl^it is not a perfect sphere. ) If it were, 
the length of the degrees of latitude, from the equator to the 
poles, (would be uniformly the same^but it has been found, 
Dy the most careful measurement, tlhat as we go from the 
equator towards the pole^ the length increases with the lati- 
tude,'* 

These measurements have been made by the most eminent mathematicians 
^f different countries, and in various places, from the equator to the arctic 

To tohat is the convescitt/ proportional 7 State the rule, deduced frrm. this factt 
for finding the height of an oWect, when its distance from ua is given. State t?ia 
rule for finding the distance when the height is given. State the rule for finding 
the curvature cfthe Earth when the distance exceeds a mile. Is the figure of the Earth 
an exact sphere } Were the Earth a perfect sphere, bow would the length of the d 
of latitude be, compared with each other 7 How are they, in &ct 7 
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circle. They have fouud that a degree of latitude at the arctic circle was 
nine aixteenlhs of a mile longer jhan a degree atihe equator, and that the ratio 
of increase for the intermediiile degrees waacnearly as the squares of the 
sines of the latitud^ Thus the theory oflSir Isaac Nexvtoil was confirmed, 
tluit the bodv of the Earth was more roundedand convex between the tropica^ 
but considerably flattened towards the poles. 



Places of 
Observation. 


Latitude. 


Length of a degree 
in English miles. 


Observers. 


Peru 

Pennsylvania 

Italy 

France 

England 

Sweden 


Equator. 
390 12^ N. 
43 01 
46 

51 29'54i" 
C6 20 10 


68.732 
68.896 
68.998 
69.054 
69.146 
69.292 - 


Bouguer. 

Mason and Dixon. 

Boscovich and Lemaire. 

Delambre and Mccbain. 

Mudge. 

Swamberg. 




These measurements prove the Earth to be an oblate 
spheroid^ whose longest or equatorial diameter is 7924 miles, 
and polar diameter, 7898 miles. The mean diameter is, 
therefore, about 7912, and their difference 26 miles. The 
French Academy^ have determined that the mean diameter 
of the Earth, from the 45th degree of north latitude, to the 
opposite degree of south latitude, is accurately 7912 miles. 

If the Earth were an exact sphere, its diameter Fig. 10. ^ 

might be determined by its curvature, from a single 
measurement. Thus, in the adjoining figure, we have 
A B equal to 1 mile, and B D equal to 8 inches, to 
find A bl, or B E, which does not sensibly differ from 
A E, since B D is only 8 inches. Now it is a propo- 
sition of Euclid, (B. 3, prop. 36.) that, when from a 
point without a circle, two lines be drawn, one cutting 
and the other touching it, the touching line (B A) is a 
mean proportional between the cutting line (B E) and 
that part of it (B D) without the circle. , 

BD:BA::BA:BEor A^E very nearly. 

That is, 1 mile being equal to 63360 infixes, 

8 : 63360 : : 63360 : 50181 J20 isch«R, or 7920 miles. 

This is very nearly what the most elaborate calculations make the Earth's 
equatorial diameter. 

The Earth, considered as a planet, occupies a favoured 
rank in (he Solar System. It pleased the All-wise Crea- 
tor to assign its position among the heavenly bodies, where 
nearly all the sister planets are visible to the naked eye. 
It is situated next to Venus, and is the third planet from the 
Sun._^ 

To the scholar who for the first time takes up a book on astronomy, it will 
no doubt seem strange to find the Earth classed with the heavenly bodies. 

What is the length of a degree at the Arctic circle, compared xoith a degree at tha 
eotiator, as found by the meastirements of different mathematicians? What have 
they found to he the ratio ff increase for the intermediate degrees 7 What theory 
do theie facts conjl rm 7 What is the length of the Earth's equatorial diameter, as found 
by these measurements ? What, her polar diameter ? What is tlie dii&rence between the 
two? What is hur m<«an diameter? What have the French academy determined to be 
the exact mean diameter from tlie 45th degree of north latitude to the opposite degree of 
south latitude? Illustrate the method of finding the diameter (^f the Earth from her 
curvature, on the supposition that her figure is an exact sphere. What is me length 
cfher diameter as thtu found 7 How is this, compared with the equatorial diameter, 
as found by the most elaborate calculations? What is tlw position of the Eaitb iD tto 
Solar System} 
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F^r what can appear more anlike, than the Earth, with her vast and aeeminglj 
Immeasurable extent, and the stars, which appear but asjK>int9 ? - The Earth 
Is dark and opaque, the celestial bodies are brilliant. We perceive in It no 
motion ; wiiile in ihein we observe a continual ciiange of place, as we view 
them at different hours of the day or uiglit, or at different seasons of the year. 

It moves round the Sun, from west to east, in 365 days 
5 hours, 48 minutes, and 48 seconds ; and turns, the same 
way, on its axis, in 23 hours, 56 minutes, and 4 seconds 
(The former is called its annual motion, and Causes the 
vicissitudes of the seasons. The latter is called its diurnal 
motion, and produces the succession of day and nighty 

The Earth's mean distance from the Sun is ab6utkd5 

millions of miles. ^ It consequently movQs in its orbit at the 

mean rate of 68 thousand miles an hour. > Its equatorial di- 

jameter being^924smiies, it turns on its axis at the rate of 

(l040 miles an hour?^ 

Thus, the earth on which we stand, and which has serv- 
ed for ages as the unshaken foundation of the firmest struc- 
tures, is every moment turning swiftly on its centre, and, at 
the same time, moving onwards with great rapidity through 
the empty space. 

This compound motion is to be understood of the whole 
earth, with all that it holds within its substance, or sustains 
upon its surface— of the solid mass beneath, of the ocean 
which flows around it, of the air that rests upon it, and of 
the clouds which float above it in the air. 
/ That the Earth, in common with all the planets, revolves 
bround the Sun as a centre, is a fact which rests upon the 
clearest demonstrations of philosophy. That it revolves, 
like them, upon its own axis, is a truth which every rising 
and setting sun illustrates, and which very many phenomena 
concur to establish. 

Either the Earth moves around its axis every day, or the 
whole universe moves around it in the same time. There 
is xio third opinion, that can be formed on this point. Either 
the Earth must revolve on its axis every 24 hours, to pro- 
duce the alternate succession of day and night, or the Sun, 
Moon, planets, comets, fixed stars, and the wlu)le frame of 
the universe itself, must move around the Earth, in the same 
time. To suppose the latter case to be the fact, would be 
to cast a reflection on the wisdom of the Supreme Architect, 
whose laws are universal harmony. As well might the 
beetle, that in a moment turns on its ball, imagine the heav« 

What revolutions does it perform, and in what direction 7 What is the time occupied in 
each of these revolutions 7 Bv what terms are these revolutions dittinffuished, and what 
important efiects do they produce 7 What is the Earth's mean distance from the Sun? 
What is the mean rate or its motion in its orbit per hour 7 What is the rate oTits revolu* 
uon OD its axis per bour7 What axe the proofs, that it peifonna these two revolutioDs} 
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ens and the Earth had made a revolation in the same instant. 
It is evrdent, that in proportion to the distance of the ce- 
lestial bodies from the Earth, must, on this supposition, be 
the rapidity of their movements. The Sun, then, would 
move at ftie rate of more than four hundred thousand miles 
in a minute ; the nearest stars, at the inconceivable velocity 
of 1400 millions of miles in a second; and the most distant 
luminaries, with a degree of swiftness which no numbers 
could express, — and all this, to save the little globe we tread 
upon, from turning safely on its axis once in 24 hours. 

The idea of the heavens revolving about the Earth, is en- 
cumbered with innumerable other difficulties. We will 
mention only one more. It is estimated on good authority, 
that there are visible, by means of glasses, no less than one 
hundred millions of stars, scattered at all possible distances 
in the heavens above, beneath, and around us. Now, is it 
in the least degree probable, that the velocities of all these 
bodies should be so regulated, that, though describing circles 
so very different in dimensions, they should complete their 
-revolutions in Exactly the same time. . 

In short, there is no more reason to suppose that the heav- 
ens revolve around the Earth, than there is to suppose that 
they revolve around each of the other planets, separately, 
and at the same time ; since the same apparent revolution is 
common to them all, for they all appear to revolve upon 
their axis, in different periods* 

The rotation of the Eart^f determines the length of the 
day^nd may be regarded a^ne of the most important el- 
ements in astronomical science. It serves as a universal 
measure of time, and forms the standard of comparison for 
the revolutions of the celestial bodies, for all ages, past and 
to come. Theory and observation concur in proving, that 
among the innumerable vicissitudes that prevail throughout 
creation, the period of the Earth's diurnal rotation is immu- 
table. 

The Earth performs one complete revolution on its axis 
in 23 hours, 56 minutes, and 4.09 seconds, of solar time. 
/ This is called a sidereal day, because, in that time, the 
V ^tars appear to complete one revolution around the Earth. 
/ But, as the Earth advances almost a degree eastward ift 
'its orbit, in the time that it turns eastward around its axis, 
it is plain that just one rotation never brings the same me- 
ridian around n-om the Sun to the Sun again ; so that the 
Earth requires as much more than one complete revolution 

.What important purpoMS does the period of the Eaitfa's rotation serve 9 Wbatitasi* 
davealday? What ii a eolifr day 1 
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on its axis to complete a solar day, as it has gotie forward 
in that time.* Hence in every natural or solar day, the 
Earth performs one complete revolution on its axis, and the 
/ 365th part of another revolution^ Consequently, in 365 
( days, the Earth turns i666 times CCround its axis. And as 
every revolution of th^ Earth orf its axis completes a side- 
real day, there must be ^66^idereal days in a year. And, 
generally, since the rotation of any planet about its axis is 
. the length of a sidereal day at that planet, the number of 
sidereal days will always exceed the number of solar days, 
by one, let that number be what it may, one revolution be- 
ing always lost in the course of an annual revolution. This 
difference between the sidereal and solar days may be il- 
lustrated by referring to a watch or clock. When both 
hands set out together, at 12 o'clock for instance, the minute 
hand must travel more than a whole circle before it will 
overtake the hour hand, that is, before they will come into 
conjunction again.., 

In the same manner^ if a man travel around the Earth 
kastwardly, no matter m what time, he will reckon one day 
more, on his arrival at the place whence he set out, than 
they do who remain at rest ; while the man who travels 
arround the Earth westwardly will have one day less, \ From 
which it is manifest, that, if two persons start from tht same 
place at the same time, but go in contrary directions, the 
one travelling eastward and the other westward, and each 
goes completely around the globe, although they should both 
arrive again at the very same hour at the same place from 
which they set out, yet they will disagree two whole days 
in their reckoning. Should the day of their return, to the 
man who travelled westwardly, be Monday, to the man who 
travelled eastwardly, it would be Wednesday ;' while to 
those who remained at the place itself, it would be Tuesday. 
Not is it necessary, in order to produce the gain or loss 
of a day, that the journey be performed either on the equa- 
tor, or on any parallel of latitude ; it is sufficient for the 
purpose, that all the meridians of the Earth be passed 
through, eastward or westward. The time, also, occupied 
in the journey, is equally unimportant ; the gain or loss of 
a day being the same, whether the Earth be travelled 
around in 24 years, or in as many hours. 

What part of a second revolution does the Earth complete in every solar day ? How 
many times, then, does it turn on its axis in 385 days ) How many sidereal days are tboro 
in a year? On any planet, what is the number of the sidereal days compared with the 
number of the solar? Illustrate the diiference between the sidereal and solar days bv re- 
ferring to a watch or clock. Illustrate it by rcferrinf to two travellers f oing aionnd th» 
globe, one.«astwaxdly aod the other westwwdly. 
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It is also evident, that if the Earth turned around its axis 

but once in a year, and if the revolution was performed the 

same way as its revolution around the Sun,(there would be 

perpetual day on one side of it, and perpetual night on the 

otherf^ 

j From these facts the pupil will readily comprehend the principles involved 
In a curious problem which appeared a few years a^o : It was gravely retort- 
ed by an American siiip, that, in sailings: over tiie ocean, it chanced to find six 
Sundapa in February. The fact was ipsisted on, and a solution demanded. 
There is nothing absurd in this. — ^Thc man who travels around the Earth east- 
toardli/y will see the Sun go down a little earlier every succeeding day, than 
if he nad remained at rest ; or earlier than they do who live at the place from 
which he set out. The faster he travels towards the rising sun, the sooner 
will it appear above the horizon in the morning, and so much sooner will it set 
in the evening. Wliat he thus gains in time, will bear the same proportion tb 
a solar day, as the distance travelled does to the circumference of tlic £Iarth. 
—As the globe is 360 degrees in circumference, the Sun will appear to move 
over one twenty-fouirth part of its surface, or 14°, every hour, which is 4 
minutes to one degree,— Consequently^ the Sun will rise, come to the meri- 
dian, and set, 4 minutes sooner, at a place 1° east of us, than it will with us ; 
at the distance of 2° the Sun will rise and set 8 minutes sooner ; at the dis- 
tance of 3<^, 12 minutes sooner, and so on. ' ' 

Now the man wiio travels one degree to the cast, the first day, will have<he 
Sun on his meridian 4 minutes sooner than we do who are at rest; and the 
second day, 8 minutes sooner, and on the third day, 12 minutes sooner, and so 
on ; each successive day being completed 4 minutes earlier than the preced* 
ing, until he arrives again at the place from which he started ; when this con- 
tinual gain of 4 minutes a day will have amounted to a whole day in advance 
of our time : he having seen the Sun rise and set once more than we have. 
Consequently, the day on which he arrives at home, whatever day of the week 
it may be, is one' day m advance of ours, and he must needs live that day over 
again, by calling the next day by the same name, in order to m^ke the account* 
harmonize. 

-- If this should be the last day of February in a bissextile year, it would also 
be the same day of the week that the first was, and be six times repeated ; 
and If it should happen on Sunday, he would, under these circumstances, 
bave six Sundays in February. 

Again :— Whereas the man who travels at the rate of one degree to the east, 
will have all his days 4 minutes shorter than ours, so, on the contrary, the 
man who travels at the same rate towards the west, will have all his days 4 
minutes longer than ours. When he has finished the circuit of the Earthy 
and arrived at the place from which he first set out, he will have seen tlio 
Sun rise and set once leas than we have. Consequently, the day he gets homo 
will be one day after the time at that place : for which reason, 'if he arrives at 
home on Saturday, according to his own account, he will have to call the next 
day Monday ; Sunday having gone by before he reached home. Thus, on 
whatever day of the week January should end, in common years, he would 
find the same day repeated only three tifties in February. If January ended 
on Sunday, he would, under these circumstances, find only three Sundays in 
February. 

The Earth's motion about its axis being perfectly equa- 
ble and uniform in every part of its annual revolution, the 
sidereal days are always of the same length, but the solar or 
natural days vary very considerably at different times of the 
year. This variation is owing to two distinct causes: the 

If the Earth revolved on its axis but once a year, and in the same direction as it revolves 
around the Sun, what would be the oonsefiueDCc as it retards day and niitht? It was 
gravely reported aome years ago by an American ship, thai in sailing over the oceant 
U found six Sundays in February ; please explain this. Why are tlie sidereal days 
aJways of the same lengtb 1 What are the causes of tbe diiferenee in the length of tim 
•olar dayi9 

18 
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inclination of the Earth's axis to its orbit, and the inequalitjr 
of its motion around the Sun.] From tnese two causes it 
is, that the time shown by a well regulated clock and that 
of a true sun-dial are scarcely ever the same. The difference 
between them, which sometimes amounts to 16-1- minutes, 
is called the Equation of Time^ or the equation of solar 
days. 

The difference between mean and apparent tima, or, in other words, be- 
tween Equinoctial and Ecliptic time, niaj be further shown by Figure 11, 
which represents the circles of the sphere. Lot it be first premised, that 
equinoeticat time is clock thne ; and that ecliptic time is solar or apparent 
time. It appears, that from Aries to Cancer, the sun in the ecliptic comes ta 
the meridian I.ejore the equinoctial sun ; from Cancer to Libra, after it ; from 
Libra to Capricorn, before it ; and from Capricorn to Aries, fjtfler it. If we 
notice what months the Sun is in these several quarters, we shall find, that 
from the 25ihof December to the 16th of April, and from the 16th of June to 
the 1st of September, the clock is feuter than the sun-dial ; and that, from the 
16th of April to the 16th of June, and from the 1st of September to the 2Slh 
of December, the aun-diiU is faster than the clock. . 

. * BaUATION OF TIME. 

Fig. 11. 




It is a universal fact, that, while none of the planets are 
perfect spheres, none of their orbits are perfect circles. The * 
planets all revolve about the Sun, in ellipses of different 
degrees of eccentricity ; having the Sun, not in the centre 
of the ellipse, but in one of its foci. 



What is meant by the e^ 
mean and apparent time o_ 
planets) In what point of tl 



lion, equation of time 7 lUuttrate the difference httwun 
^treneetpFtg.ix. WhatiithefigureoTtheoiUtioftbe 
» urbitt <i the Sun sttuated ? 
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The figure A D B E is an ellipte. The Una 
A B is called the transverse axis, and the line 
drawn^hroogh the middle of this line, and per* 
pendicular to it, is the conjugate axis. Tho 
point C, the middle of the transverse axis, is 
_ the centre of the ellipse. The points F and f, 
-K equally distant from C, are called the foci. C 
F, the distance from the centre to one of the 
foci, is called the eccentricity . The orbits of 
the planets being ellipses, having the Sun in 
one of the foci, if A 1) B E be the orbit oj a 
planet, with the Sun in the focus F, when the 
planet is at the point A, it will be in its peri- 
heliont or nearest the Sun ; and when at the pomt B in its aphelion, or at its 
greatest distance from the Sun. The difference in these distances is evident* 
ly equal to F ^ that is, tjqual to twice the eccentricity of its orbit. In every re- 
volution, a planet passes through its perihelion and aphelion. The ecceutri- 
city of the Earth's orbit is about one and a half millions of mil^s ; hence she 
is three millions of miles nearer the Sun in her perihelion, than in her aphe- 
Uon. 

Now as the Sun remains fixed in the lower focus of the Earth's orbit, it is 
easy to perceive that a line, passing centrally through the Sun at right angles 
with the longer axis of the orbit, will divide it into two unequal segments. 
Precisely thus it ia divided by the equinoctial. '^ 

That portion of the Earth's orbit which lies above the 
SuD. oinorth of the equinoctial, contains about 184 degrees ; 
while that portion of it which lies below the Sun, or south 
of the equinoctial, contains only 176 degrees. This fact 
shows why the Sun continues about 8 days longer on the 
north side of the equator in summer, than it does on the 
south side in winter. The exact calculation, for the year 
1830, is as follows : 

d. h. m. 
From the vernal equinox to the summer solstice, —92 21 19 ? d. h. m. 
From the summer solstice to the autumnal equinoj^ —93 14 1 ^ 183, U, 19. 
From the autumnal equinox to the winter solstice, —89 17 17 ? d. h. m. 
From the winter solstice to the vernal equinox, —89 1 13 s 178, 18, 30. 

Difference in favour of the north side, — 7, 16, 49. 

Tlie points of the Earth's orbit which correspond to its greatest and least 
distances from the Sun, are called, tlie former the Apogee, and the latter the 
Perigee ; two Greeic words, the former of which signifies from the Earthj 
and the latter about the Earth. These points are also designated by the 
common name of Apsides. [See these points represented^ Plate /.] 

The Earth being in its perihelion about the the 1st of Janu- 
ary, and in its aphelion the 1st of July, we are three millions 
of miles nearer the Sun in winter than in midsummer. The 
reason why we have not, as might be expected, the hottest 
weather when the Earth is nearest the Sun, is, because the 

What is the eccentricity of an orbit ? Hoto many times is a planet, in its aphe- 
lUmt and how many in its perihelion, in every revolution 7 Hoto much farther 
is it from the Sun in the former case than in the latter 7 In which /bcus of the 
Earth's orbit is the Sunf How does the equinoctial divide the Earth's orbU7 
Why does the Sun remain loiver on tbe north side of the equator in summer, than it does 
ini the south side in winter 7 What are the Earth's Apogee and Perigee 7 By what 
common name are these two points designated 7 When is the Earth in its PerihelionJ 
When in its Aphetion ) Are we near^ the Son in sammer than in winter? How mucB 
nearer are we in winter than in summer 7 Why do we not have the hottest weStoer 
wfaeo we are nearest the Sun? 



208 Tfi£ MOON. 

San, at that time, having retreated to the soathem tropic, 
shines so obliquely on the northern hemisphere, that its rays 
have scarcely half the effect of the summer Sun ; and con- 
tinuing but a short time above the horizon, less heat is ac- 
cumulated by day than is dissipated by night. 

As the Earth performs its annual revolution around the 
Sun, the position of its axis remains invariably the same ; 
always pointing to the North Pole of the heavens, and al- 
ways maintaining the same inclination to its orbit. This 
seems to be providentially ordered for the benefit of man- 
kind. If the axis of the Earth always pointed to the centre 
of its orbit, all external objects would appear to whirl about 
our heads in an inexplicable maze. Nothing would appear 
permanent. The mariner could no longer direct his course 
Dy the stars, and every index in nature would mislead us. 



THE MOON. 



There is no object within the scope of astronomical ob^' 
servation which affords greater variety of interesting inves- 
tigation than the various phases and motions of the Moon. 
From them the astronomer ascertains the form of the Earth, 
the vicissitudes of the tides, the causes of eclipses and oc- 
cultations, the distance of the Sun, and, consequently, the 
magnitude of the solar system. These phenomena, which 
are perfectly obvious to the unassisted eye, served as a stand- 
ard of measurement to all nations, until the advancement 
of science taught them the advantages of solar time. It is 
to these phenomena that the navigator is indebted for that 
precision of knowledge which guides him with well grounded 
confidence through the pathless ocean. 

The Hebrews, the Greeks, the Romans, and, in general, 
all the ancients, used to assemble at the time of new or full 
Moon, to discharge the duties of piety and gratitude for her 
unwearied attendance on the Earth, and all her manifold 
uses. 

When the Moon, after having been in conjunction with 
the Sun, emerges from his rays, she first appears in the 
evening, a little after sun-set, like a fine luminous crescent, 
with its convex side towards the Sun. If we observe her 

A.S the Earth revolves about the Sun, what is the position of its axis 7 Should its axis 
always point to the centre of ita orbit, how would external objects appear to as ? What 
important purposes docs the Moon serve to theastronomerl Of what importance are her 
phenomena to. the navigator? What nations used to ussenoble at the time of the new or 
of the full Moon, to express their gratitude for her b&asStat Denial the appaieat motioo 
of the MooQ, and her phases. 
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the next evening, we find her about 13° farther east of the 
Sun than on the preceding evening, and her crescent of light 
sensibly augmented. Repeating these observatibns,we per- 
ceive that she departs farther and farther from the Sun, as 
her enlightened surface comes more and mofe into view, un- 
til she arrives at her Jirst quarter^ and comes to the meridian 
at sun-set. She has then finished half her course from the 
new to the full, and half her enlightened hemisphere is turn- 
ed towards the Earth. 

After her first quarter, she appears more and more gib- 
bouSy as she recedes farther and farth^ from the Sun. until 
she has completed just half her revolution around the Earth, 
and is seen rising in the east when the Sun is setting in the 
west. She then presents her enlightened orb full to our 
view, and is said to be in opposition; because she is then 
on the opposite side of the Earth with respect to the Sun. 

In the first half of her oibit she appears to pass over oui 
heads through the upper hemisphere; she now descends be- 
low the eastern horizon to pass through that part of her or- 
bit which lies in the lower hemisphere. 

After her full she wanes through the same changes of ap- 
pearance as before, but in an inverted order; and we see her 
in the morning like a fine thread of light, a little west of the 
rising-sun. F,ot the next two or three days she is lost to 
our view, rising and setting in conjunction with the Sun ; 
after which, she passes over, by reason of her daily motion, 
to the east side of the Sun, and we behold her again a new 
Moon, as before. In changing sides with the Sun, she 
.changes also the direction of her crescent. Before her con- 
junction, it was turned to the east; it is now turned towards 
the west. These different appearances of the Moon are 
called her phases. They prove that she shines not by any 
light of her own ; if she did, being globular, we should al- 
ways see her a round full orb like the Sun. 

The Moon is a satellite to the Earth, about which she re- 
volves in an elliptical orbit, in 29 days, 12 hours, 44 min- 
utes, and 3 seconds:, the time which elapses between one 
new moon and another. This is called her synodic revo- 
lution. Her revolution from any fixed star to the same star 
again, is called her veriodic or siderial revolution. It is 
accomplished in 27 days, 7 hours, 43 minutes, and 11} sec- 
onds ; but in this time, the Earth has advanced nearly as 
many degrees in her orbit ; consequently the Moon, at the 

How is it known that the Moon does not shine by her own li^ht ? About what does the 
Moon revolve, and what is the figure of her orbit) What is the time of her revolution 
Dom one new Aloon to another? What is this revolution denominated 7 What is her p^ 
riodie or adereal revolution 7 In what time is this accomplished 7 
19* 
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end of one complete revolution, must go as many decrees 
farther, before she will come again into the same position 
with respect to the Sun and the Earth. 

The Moon is the nearest of all the heayenly bodies, being 
about 30 times the diameter of the Earth, or 240,000 miles, I 
distant from us. Her mean daily motion, in her orbit, is 
nearly 14 times as great as the Earth's ; since she not only 
accompanies the Earth around the Sun every year, but, in . 
the meantime, performs nearly 13 revolutions about the 
Earth. ] 

Although the apparent motion of the Moon, in her orbit, is greater than 
that of any other heavenly body, since she passes over, at a mean rate, no 
less than 13*=^ lO' 35" in a day ; yet this is to be understood as angular motion 
— motion in a small orbit, and therefore embracing a great number of degreUi 
and but comparatively few miles. 

As the Moon, while revolving about the Earthy is carried 
with it at the same time around the Sun, her path is ex- 
tremely irregular, and very different from what it seems to 
be. Like a point in the wheel of a carriage, moving 
over a convex road, the Moon will describe a succession ot 
epicycloidal curves, which are always concave towards the 
Sun ; not very unlike their presentation in the following 
figure. 

THE moon's motion. 



Fig. 13. 




To what is the difference of time in these two tevolutions owine? How great is the 
distance of the Moon from the Earth, compared with that of the duner heavenly bodies 7 
What is her distance from us } What is ner motion in her oibit, compared with the 
Earth's 7 How many times does she revolve around the Earth, eveir year 7 The appa- 
rent motion of the Moon ia greater in her orbit than that qfany other heavenly body ; 
UUtobetmderetooi that ehs paeeee through a correepondora epacef Dcsedbetfaft 
Moon's patL 
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Let Ad b B represent a portion of the Earth's orfoit ; and a be d e th« 
lunar orbit. When the Earth is at b, the new Moon is at a ; and while the 
Earth is moving fiom b to its position as represented in the figure, the Moon 
has moved through half her orbit, from a to c, where she is full ; so while 
the Earth is moving from its present position to d, the Moon describes the i 
other half of her orbit from c to e; where she is again in conjunction. ' 

The Moon, though apparently as large as the Sun, is the I 
smallest of all the heavenly bodies that are visible to the | 
naked eye. Her diameter is but 2162 miles ; consequently | 
her surface is 13 times less than that of the Earth, and her | 
. bulk'49 times less. It would require 70 millions of such . 
bodies to equal the volume of the Sun. The reason why 
she appears as large as the Sun, when, in truth, she is so 
much less, is because she is 400 times nearer to us than the 
Sun. 

The Moon revolves once on her axis exactly in the time 
that she performs her revolution around the Earth. This 
is evident from her always presenting the same side to the 
Earth ; for if she had no rotation upon an axis, every part 
of her surface would be presented to a spectator on the 
Earth, in the course of her synodical revolution. It follows, 
then, that there is but one day and night in her year, con- 
taining, both together, 29 days, 12 hoursj 44 minutes, and 3 
seconds. 

As the Moon turns on her axis only as she moves around 
the Earth, it is plain that the inhabitants of one half of the 
lunar world are totally deprived of the sight of the Earth, 
unless they travel to the opposite hemisphere. This we 
may presume they will do^ were it only to view so sublime 
a spectacle ; for it is certain that from the Moon the Earth 
appears ten times larger than any other body in the universe. 

As the Moon enlightens the Earth, by reflecting the light 
of the Sun, so likewise the Earth illuminates the Moon, ex- 
hibiting to her the same phases that she does to us, only in 
a contrary order. And, as the surface of the Earth is 13 
times as large as the surface of the Moon, the Earth, when 
full to the Moon, will appear 13 times as large as the full 
moon does to us. That side of the Moon, therefore, which ' 
is towards the Earth, may be said to have no darkness at all, • 
the Earth constantly shining upon it with extraordinary I 
splendour when the Sun is absent ; it therefore eftjoys sue- j 
cessively two weeks of illumination from the Sun, and two j 

What is her magnitude, compared with that ofihe other heavenly bodies ? What is her ' 
diameter? How great are her suiftice and her bulk, compared with those of the Earth? 
How many such bodies would it require to equal the volume of the Sun ? Why does she 
appear as large as the Sun, when in reality she is so much less 1 What is the time of her 
revolution on her axis, compared with that of her revolution around the Earth 7 How is 
this proved 7 How many dara and nights then has she in the course of her synodicaj re- 
volution? What is the length of both united? Describe the phenoaiena of (be Earth •• 
■tea by the inbabitantsof the Mood. 
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weeks of earth-light from the Earth. The other side of the 
Moon has alternately a fortnight's light, and a fortnight's 
darkness. 

I As the Earth revolres on its axis, the several continents, 

I seas, and islands, appear to the lunar inhabitants like so 

: many spots, of different forms and brightness, alternately 

moving over its surface, being more or less brilliant, as they 

are seen through intervening clouds. By these spots, the 

lunarians can not only determine the period of the Earth's 

' rotation, just as we do that of the Sun, but they may also 

find the longitude of their places, as we find the latitude of 

ours. 

As the full Moon always happens when the Moon is di- 
rectly opposite the Sun, all the full Moons in our winter, 
must happen when the Moon is on the north side of the equi- 
noctial, because then the Sun is on the south side of it ; con- 
sequently, at the north pole of the Earth, there will be - a 
fortnight's moon-light and a fortnight's darkness bv turns, 
for a period of SIX months, and the same will be ihe lact du- 
ring the Sun's absence the other six months, at the south 
pole. 

The Moon's axis being inclined only about 1^® to her 
orbit, she can have no sensible diversity of seasons ; from 
which we may infer, that her atmosphere is mild and uni- 
form. The quantity of light which we derive from the Moon 
when full, is at least 300 thousand times less than that of 
the Sun.* 

When viewed through a good telescope, the Moon pre- 
sents a most wonderful and interesting aspect. Besides the 
large dark spots, which are visible to the naked eye, we 
perceive extensive valleys, shelving rocks, and long ridges 
of elevated mountains, projecting their shadows on the 
plains below. Single mountains occasionally rise to a great 
height, while circular hollows, more than three miles deep, 
seem excavated in the plains. 

Her mountain scenery bears a striking resemblance to the 
towering sublimity and terrific ruggedness of the Alpine re- 

* TUb t> Mont. Bouqaer'i infereooe, fhm liit experimentB, as atated by La Placo, in 
his work, jp. 49. The renilt of Dr. WoUaaton'a oomputatkHW was d^fftrent Professor 
Leslie makes the light of the Moon 150,000 times leas than thatof the Bun: it was former- 
ly reckoned 100,000 times less. 

As the Earth revolves on its sods, ho^v do its continents, seas, and islands, appear to 
the lunar inhabitants? For what puTposesroav these spots serve to the lunarians 7 What 
■le the neriods of the Moon's presence and absence to the polar inhabitants 7 Explain 
tius. why cannot the Moon have any sensible divenity ofseasons 7 What then mav 
we infer to be the character of her atmosphere) What is the quantity of light which 
ihe afibrds When full, compared with that of the Sun 7 Describe the appeamnce of the 
Moon when seen thnmi^ a good telescope. What mountains of the earth does her 
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gions, or of the Appenines, after which some of her moim- 
tains have been named, and of the Cordilleras of our owu 
continent. Huge masses of rock rising precipitously from 
the plains, lift their peaked summits to an immense height 
in the air, while shapeless crags hang over their projecting 
sides, and seem on the eve of being precipitated into the 
tremendous chasm below. i 

Around the base of these frightful eminences, are strewed | 
numerous loose and unconnected fragments, which time | 
seems to have detached from their parent mass ; and when i 
we examine the rents and ravines which accompany the 
overhanging cliffs, the beholder expects every moment that 
they are to be torn from their base, and that the process of 
destructive separation which he had only contemplated in 
its effects, is about to be exhibited before him in all .its 
reality. - 

The range of mountains called the Appenines, which tra- 
verses a portion of the Moon's disc from north-east to south- 
west, and of which some parts are visible to the naked eye, 
rise with a precipitous and craggy front from the level of 
the Mare Imbrium, or Sea of showers.* In this extensive 
range are several ridges whose summits have a perpendicu- 
lar elevation of four miles, and more ; and though they 
often descend to a much lower level, they present an inac- 
cessible barrier on the north-east, while on the south-west 
they sink in gentle declivity to the plains. 

There is one remarkable feature in the Moon's surface 
which bears no analogy to any thing observable on the 
Earth. This is the circular cavities which appear in every 
part of her disc. Some of these immense caverns are nearly 
four miles deep, and forty miles in diameter. They are 
most numerous in the south-western part. As they reflect 
the Sun's rays more copiously, they render this part of her 
surface more brilliant than any other. They present to 
us nearly the same appearance as our Earth might be sup- 
posed to present to the Moon, if all our great lakes and seas 
were dried up. 

The number of remarkable spots on the Moon, whose 
latitude and longitude have been accurately determined, 
exceeds 200. The number, of seas and lakes, as they were 
formerly considered, whose length and breadth are known, 

* Tbc name of a lanar gpot. i 

Describe the appearance of her mountains. On what part of her disc is that ranfe of 
mountains calied the Appenines, situated t Describe it What remarkable feature in the 
Moon's surface, bears no analogy to any thing observable on the Earth's sui&co? Describe 
their appearance. What is the number of remarkable spots in the Moon's sur&ce, whose 
latitude and longitude have been accurately determined 7 What is the number of mu ami 
lakes* as they were tbrmerly considered, wnose dimensioaf are known 7 
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is between 20 and 30; while the number of peaks and 

mountains, whose perpendicular elevation varies from a 

fourth of a mile to five miles in height, and whose bases 

I are from one to seventy miles in length, is not less than one 

hundred and fifty.^ 

j Oraphical yiewB of theie natural appearances, accompanied with minnta 
and fajnittar descripclona, constitute what is called Selenography, from two 
Greeic words, which mean the same thing in regard to the Moon, as Gtog- 
raphy does in regard to the Earth. 

An idea of some of these* scenes may be formed hy con- 
ceiving a plain of about 100 miles in circumference, encircled 
by a range of mountains, of various forms, three miles in 
perpendicular height, and having a mountain near the 
centre, whose top reaches a mile and a half above the level 
of the plain. From the top of this central mountain, the 
whole plain, with all its scenery, would be distinctly visible, 
and the view would be bounded only by a lofty amphitheatre 
of mountains, rearing their summits to the sky. 

The bright spots of the Moon are the mountainous 
regions; while the dark spots are the plains, or more 
level parts of her surface. There may be rivers or small 
lakes on this planet ; but it is generally thought, by astrono- 
n^rs of the present day, that there are no seas or large col- 
lections of water, as was formerly supposed. Some of 
these mountains and deep valleys are visible to the naked 
eye ; and many more are visible through a telescope of but 
moderate powers. 

A telescope which magnifies only 100 times, will show a 
spot on the Moon's surface, whose diameter is 1223 yards ; 
and one which magnifies a thousand times, will enable us 
to perceive any enlightened object on her surface whose di- 
mensions are only 122 yards, which does not much exceed 
the dimensions of some of our public edifices, as for instance, 
the Capitol at Washington, or St. Paul's Cathedral. Pro- 
fessor Frauenhofer, of Munich, recently announced that he 
had discovered a lunar edifice, resembling a fortification^ 
together with several lines oj road. The celebrated as- 
tronomer Schroeter, conjectures the existence of a great 

, ♦ HrewBtefBaetenoerraphy, , The best mam of the Moon hitherto published, are those 
bf Scfaroeter ; but the fnost cunous aad complete representation of the telescopic end na* 
tural appearances of the Moon, la to be seen on Russd's Lunar Globe. See also Se/eno- 
gra^ia, by C. Biunt. 

What is the number of peaks and mountains whose perpendicular elevation varies from 
a fourth of a mile to five miles, and whose bases are from one to seventy miles in length? 
What is Seienof raphy ? Give an illustration to enable us to form some idea of Bome of 
these scenes. Which spots are the mountainous regions, and which the plains ) Do as- 
toonomers nowsuppose. as they did formerly, that there are large collections of water on 
^ Moon's surfiice 7 Are any of her mountains and valleys visible to the naked eye? 
How small a spot on the Moon's sur&cc can be seen by a telescope which magnifies 100 
•— -7 How ain^ an enhshtenod ofageet canto seen by one which mafoifiea 1000 timet > 
— I Any |Nihhe«dmoe« wfaieh on of oeaily the saiaodimeniioair^ 



Ecupses. tl5 

city on the east side of the Moon, a little north ofher equator, 
an extensive canal in another place, and fields of yegeta- 
«ion in another. 



SOLAR AND LUNAR ECLIPSES. 

Of all the phenomena of the heavens, there are none 
irhich engage the attention of mankind more than eclipses 
jf the San and Moon ; and to those who are unacquainted 
^ith astronomy, nothing appears more wonderful than the 
accuracy with which they can be predicted. In the early 
ages of antiquity ihey were regarded as alarming devia- 
tions from the established laws of nature, presaging great 
public calamities, and other tokens of the divine displeasure. 

In China, the prediction and observance of eclipses are made a matter of 
■tate policy, in order to operate upon the fears of the ignorant, and impose on 
them a superstitious regard for the occult wisdom of their rulers. In Mexico^ 
the natives fast and aimct themselves, during eclipses, under an apprehen- 
sion that the great spirit is in deep sufferance. Some of the northern tribes 
of Indians have imagined that the Moon had been wounded in a quarrel ; and 
t.r . *" * -"■ LiT.is r&r.--- V- *-- -— 7."--T-i !-■■■,- ij ^^^^f^^; fish. 

It wa.^ hy divailjrii^ I Minify*:' 9 J til \ht?--ie s\i[)t: f ■<{[)<'} Uii itnilaiiris that ColumbuMi 
vtr1i«n fBhipiVFcclE^a on Uie irilabd of Jauiaica, estrlcale-l himself and crew 
fftfin fl mo-rt cmbarrajsslng conditLou. Ecin^ driven to grMut distress for want 
tif prijvManit^iA the natives refuHlDf himanj aaeiiEtllnc<^, wlitjn dlhope seem* 
?d In be cul oftf ho bcthmifhi hUnaeU' gf t)ieir im[wrftttli'>n in regjurd to 
*' ' ' ■ " "■ clttlai ■ ' - - . 



rifirk and th^at tuning aspect. This ariifice hail the iJpsiFfsd effect; for the 
ecli[>&« liftd no gCKjci^r b(^gun, \Um\ the frighien*»fl barbarisris came running 
witti all kindf of praviKtorks, afiil Ituowinz tJ;ierEisf>lveB at tho feet of CrOlumbus, 
Iniploje'S \:\fi i"r'i':'^'*ia^^^.-- AJ^".'f ':':<rf, Vnf. t. TiTi i-, ir-. i> 

An eclipse of the Sun takes place, when the dark body 
of the Moon, passing directly between the Earth and the 
Sun, intercepts his light. This can happen only at the in- 
stant o^new Moon, or when the Moon is in conjunction ; for 
it is only then that she passes between us and the Sun. 

An eclipse of the Moon takes place when the dark body of 
the Earth, coming between her and the Sun, intercepts his 
light, and throws a shadow on the Moon. This can happen 
only at the time of full Moon, or when the Moon is in oppo- 
sition ; for it is only then that the Earth is between her 
and the Sun. 

As everj^ planet belonging to the solar system, both pri- 

How were eclipses regarded in the early ages of antiqoityl ■ To what fmrpMS do the 
rulera qf China make their prediction and obgervance ntbeervient 1 Hoiw do tha 
natives of Mexico demean themeelves during an eelipeeJ Why do they do thit? 
What notions have some sfthe northern tribes of Indian* entertained with rerard 
to eclipeee qfthe Moon J Relate the anecdote of Columbiu extricating htmeelfand 
Me crew from diatrese, by availing' himedfcfthe euperatitioue notions qfthe na- 
tives qf Jamaica in regard to eclipses. What causes eclipsee of the Sun 7 What causes 
-" softbeMoonI 
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msry and secondary, deriyes its li^ht from the Sun, it mast 
cast a shadow towards that part of the heavens which is op- 
posite to the Sun. This shadow is of course nothing but 

I a privation of light in the space hid from the Sun by the 

I opaque body, and will always be proportioned to the mag- 

I nitude of the Sun and planet. 

If the Sun and planet were both of the same magnitude. 

! the form of the shadow cast by the planet, would be that ot 
a cylinder, and of the same diameter as the Sun or planet. 
If the planet were larger than the Sun, the shadow would 
continually diverge, and grow larger and larger ; but as the 
Sun is much larger than any of the planets, the shadows 
which they cast must converge to a point in the form of a 
cone; the length of which will be proportional to the size 
and distance of the planet from the Sun. 

The magnitude of tbe Sun is snch, that the shadow cast by each of the 
primarj planets always converges to a point before it reaches any other 
planet ; so that not one of the primary planets can eclipse another. The 
shadow of any planet which is accompanied by satellites, may, on certain 
occasions, eclipse its satellites ; but it .is not long enough to eclipse any 
other body. The shadow of a satellite, or Moon, may also, on certain occa- 
sions, fall on the primary, and eclipse it. 

When the Sun is at his greatest distance from the Earth, 
and the Moon at her least distance, her shadow is suffi- 
ciently long to reach the Earth, and extend 19,000 miles 
beyond. When the Sun is at his least distance from the 
Earth, and the Moon at her greatest,- her shadow will not 
reach the Earth's surface by 20,000 miles. So that when 
the Sun and Moon are at their mean distances, the cone of 
the Moon's shadow will terminate a little before it reaches 
the Earth's surface. 

In the fornoer case, if a conjunction take place when the 
centre of the Moon comes in a direct line between the 
centres of the Sun and Earth, the dark shadow of the Moon 
will fall centrally upon the Earth, and cover a circular area 
of 175 miles in diameter. To all places ly ing within this dark 
spot, the Sun will be totally eclipsed, as illustrated by Fig. 13. 

In consequence of the Earth's motion during the eclipse, this circular area 
becomes a continued belt over tbe earth's surface ; being, at the broadest, 

In wliat direction does every planet of the aolar system cast a shadow ? What is this 
shadow, and to What is itproportiooal } If the Sun and planet were both of the same 
magnitude, what ^ould be the forai of the shadow, and its diameter ? if the planet were 
larger than the Sun, what would be tbe form of the shadow ) Kut as the Sun is muclp 
laiger than any of the planets, what must be tbe form of their shadows^^nd to what are 
they proportional ) U'Ay can no one of the primari/ planett eelip$e another? Ex- 
plain hmo, on certain occaaiontt they may ecNpte their eateUitea, and on othert be 
edtpted by them. When the Sun is at bis greateet distance from the Earth, and the 
Moon at her least distance, bow far vriW her shadow extend 7 When the Sun is at hia 
ieatt distance, and the Moon at her greater 7 When the Sun and Moon are both at their 
iR«m distances 7 In the first case, in it^uu eircumatamcef will the Moon's shadow fiUI 
eentially on the Earth, and what will be its fl«ure and tliameter ? How will tbe Sun ap 
pear to all places lying within tbis daik spot? DeecrtU the ^ect qftfie Earth** motiom 
murine the eeUpee, upon tftte circutar area. 
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176 mites wide. This belt to, however, rarely so broad, and often dwindlet 
to a in4*re nominal line, witlioot total darlcnesa. 

InMarcl), this line extends itself from S. W. to N. E., and in September, 
from N. W. to S. E. In June, the central line is a cnrve, going fim to tiie 
N. E, and then to the S. E.; in December, on the contrary, first to the S. 
E., and then to the N. E. To all places within 2000 miles, at least, of the 
central line, the eclipse will be visible ; and the nearer the place of obser- 
vation is to the line, the larger ^ill be the eclipse. In winter, if the central 
trace bo bat a little northward of the equator, and in summer, if it be 26^ 
N. latitude, the eclipse will be visible all over the northern hemisphere. 
As a general rule, thougli liable to many modifications, we may observei 
that places from 200 to 2Q0 miles from the central line, will be 11 digit! 
eclipsed ; from thence to 600 miles, 10 digits ; and so on, diminishing one digw 
.n about 250 miles. 

ECUPSBS OF THE SUN. 
Fig. la 




If, in either of the other cases, a con- 
junction take place when the Moon's 
centre is directly between the centres 
of the Sun and Earth, as before, the 
Moon will then be too distant to cover 
the entire face of the Sun, and there 
will be seen, all around her dark body, 
a slender ring of dazzling light. 

This may be illustrated by the adjoining fig- 
ure. Supnose C D to represent a part of the 
Earth's orbit, and the Moon's shadow to termi- 
nate at the vertex V. Tiie stnall space between 
e/wili represent the breadth of the luminous 
ring which will be visible all around the daric 
body of the Moon. 

Such was the eclipse of February 12, 1831, 
which i)assed over the southern states from 
B. W. to N. E. It was the only annular eclipse 
ever visible in the United States. Along the 
path of this eclipse, the luminous ring remained 
perfect and unbrolien for the space of two min- 
utes. The next annular eclipse which will be 
visible to any considerable portion of the Uni- 
ted States, will take place Sept. 18th, 1838. 

From the most elaborate calculations, compar- 
ed with a long series of observations; the length 
of the Moon's shadow in eclipses, and her dis- 
tance from the Sim at the same time, vary with- ^ 
in the limits of the following table : ^ 
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Length of shadow, 
Dbt. of VooQ. 


Length of shadow in 
Semidiameters. 


Length 
in miles. 


Distance in Distance 
Semidiameters. In miles. 

1 


Least 

Mean 

Greatest 


57.760X3956- 
5a7B8X3956- 
e9.730v3956-= 


22a499 
2^828 
236,292 


55.902X3956=- 
60 238X3956- 
63.862X3956- 


221,148 
238,300 
252.63d 



Thus K appears that Ae lenfrth of the cone of /the Moon's shadow, In 
eclipses, varies prom 22R,499 to 23^,292 miles Jbeingp'J93 /miles longer in the 
one case, than ra the other. Thajneqnality 6f hennistaifces from the Earth 
Is nuch greater; they Tary firomfi221,148 to 252,638 Allies, making a difference 
of Jl,490 'miles. ' / 

Although a central eclipse of the Sun can never be total 
to any spot on the Earth more than tl 75 miles ^road; yet 
the space over which the Sun will be more or less partially 
eclipsed, is nearly; 5000 j miles broad. 

The section of the Moon's shadow, or her penumbra, at the Earth's sur> 
&ce, ki eclipses^ Is far from being always circular^! /If the conjunction hap- 
pen when tne centre of the Moon is a little abovff or a little beloto the line 
joining the centres of the Earth and 8un, bs is most frequently the case, 
tho shadow will be projected obliquely over the Earth's surface, and thus 
cover a much larger space. 

T 

the 



To prod lu^ a partial eclipsq. It is not necessary that the shadow should reach 
he EATth|flt is sufficient that the apparent nstance betweei '" 
Moon he rrai greater than the sum of their semidiameters. 1 



stance between the Sun and* 



Tth ijit is sufficient that the apparent ( 
l>c rrai greater than the sum of their sei 

If the Moon performed her revolution in the'same path in 
which the Sun appears to move ; in other words, if her orbit 
lay exactly in the plane of the Earth's orbit, the Sun would 
be eclipsed at the time qf every new Moon, and ibe Moon 
at the time of every full. ' But one half of the Moon's orbit 
lies about 5° on the north side of the ecliptic, and the other 
half as far on the south side of it ; and, consequently, the 
Moon's orbit only crosses the Earth's orbit in two opposite 
points, called the Moon's nodes.) 

'When the Moon is in one of these points, or nearly so, at 
the time of new Moon, the Sun will be eclipsed. When 
she is in one of them, or nearlv so, 'at the time of full Moon, 
the Moon will be eclipsed.^ iBut at all other new Moons, 
the Moon either passes abt)ve or below the Sun. as seen 
from the Earth ; and, at all other full Moons, sne either 
passes above or below the Earth's shadow ; and consequent* 
ly there can be no eclipsiB. 

What are the limits between wMch the Motm'9 ehadmo varies in eeliptea ? What 
if the difference between these two limite 7 What are the limiieqfher dwaneeefrom 
the Earth? What U the difference between them? What is the greatest breadth of 
an; soot on the Earth's aurfuce, to which a central eclipse of the Sun can be total ) What 
is the breadth of the createst space over which the San can be more or less partially ccUr sed) 
is the penumbra of the Moon at the Earth's surface in eclipses always cit ctuar ? In 
what circumstances will the shadow be pro^cted obliquely over the Earth's surface 7 
Must the shadow reach the Earth, to produce a partial aelipse ? What is the great- 
eH apparent distance between the Sun and Moon, within which such a resuU wUl 
take place ? Why is not the Sun eclipsed at the time of every new Moon, and the Moon 
atmyfhU} In whatctreaBBtanoeswiUanecUineof theSiin wbatanecUiMe 
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/ If the Moon be exacttu in one of her node^t the time of 
her change, the Sun will be centrally eclip^d J jlf she be 
1^^ from her node at the time of hef change, tne Sun will 
appear at the equator to be abou^ 11 digits eclipsedi If 
she be 3° from her node at the time of her change, the Sun 
will be 10 digits eclipsed, apd so on ; a digit being the twelfth 
part of the Sun's diameter.' But when the Moon is about 18^ 
from her node, she will ju^ touch the outer edge of the Sun, 
at the time ot her change, without^, producing any eclipse. 
These are called /he ecliptic limits^ ^TBetween these limits, 
an eclipse is .IdouWul/ and required a more exact calcula- 
liony ^ 

The mean ecliptic limit for ttie Sun iiii 16^^ on each side of the nfdg; the 
mean ecliptic limit for the Moon ispOi* on each side of the node* In the 
former case, then, tliere are|33o abftut each nod^ making, in all, 66^ out of 
360^. in which eclipses of tlSe Sua may happent in the latter case, there 
are 21° about each node, making, in allJ42° out of 360°. in which eclipses of 
the Moon usually occur. The proportion of the solar, to the lunar eclipses, 
therefore, is Is 66 to 42, or as 11 to 7.^ Yet, there fire more visible eclipses 
of the Moon,* at any given place, than of the Bun ;• because a lunar eclmsa 
is visible to a whole hemisphere, a solar eclipse onF)r to a small portion of it/ 

The greatest possifcde duration of the annular apjpearance 
of a solar eclipse, is [12 minutes and 24 seconds ;* and the 
greatest possible time during which the Sun can l^e totally 
eclipsed, to any part of the world, is 7 minutes and 58 
seconds. The Moon may continhe tbtally eclipsed for one 
hour and three quarters. ^ 

Eclipses of the Sun always? begin on his western edge, 

and end on his eastern j but alf eclipses of the Moo^jt com- 

niencejon her eastern edge, and end on her western^ 

/ If the Moon, at the time of her opposition, be exactly in ber 

node, she will pass through the centre of the £arth?s shadow, 

and bei totally eclipsed^ If, at the time of her opposition, 

she be iwithin 6° of her node, she will still pass through the 

Earth'i shadow, though not centrally, and be totally eclipsed: 

but if she bejl2° ifrom her node, she will only just touch the 

Earth's shadrow, Wd pass it without being eclipsed. 

The duration of lunar eclipses, therefore, depends 'upon the difference 
between the diameter of the Moon and that section of the Earth's shadow 



In what drcumstanoes is the Sun cent rally enljpHtd? Wlmt is thf^miio hrf^twfr'ii tha 
Moon't distance from her node, and Uw numtn'r of di^i'tj Llmt ilic Syn ift ec{\]m<i\^ What 
are these limits called } Will there ahvayi k>e tcFiue^:!] when Llic Muon n ^vfthiti iluMfl 
limiiaJ WIvat is the ecliptic limU far th£ S\tH / VMim ia it for ifte J/wh/ Wimt 
number of degrees, then, are there afjtjui each nmteM and knur tnttfty aut cf^fso^, ii% 
which soUir eelipaes can happen ? tiate mufiif frt iifhfc/i lutwr eclipses tituaif}/ hap- 
pen 7 What then is the proportUm tJt/iesoiartQ tht {unar ^cUp-ww } IVhtf then a,re. 
there more eclipses (if the Moon visible at an^ Eirm piac^ thatf ^f thf Sun ? what 
is the greatest possible duration of the unniilar fliirwfininoe af n puljir c'clij'iifi } Whq:t. u 
the greatest possible duration of a totnl solar re^liime lii any p»>n (rrrh<< uurlJ } What u 
the greatest duration of a total lunar ei^liimi? i On ia Iiirb side of Ihi? h^un do stplnr^ciitiipi 
always begin, and on which do they nni I On i^hich iide ut^ tht: Morm tlu lunai ecJiuw 
always begin, and on which do they eoil ? Tri ivhat die.uiiHraiiei>§ is the MntmUiaRr 
seliMed 7 Beyond what distance m>m li«r node, if the be, will iho mh rc^ueh tM Earth% 
shadow, and not be eclipsed 7 On what then eE&m tha 4uretim fif lunar icHpKM aepms 7 



9» 



ficurafis. 



central, jiti duratioQ'is th^ ingest pos8ibie,^inounlinf( nearly lo 4~hourii7 
but tbe((hiration of all eclipses riot centra],*^ariea ivlth her distance from' 



throofh Jivbleh she paasesj 
• * ' • I iB th( 



ben an eclipap of tbe Moon is both total and 



the 



fiCUPSES OF THE MOON. 
Fig. IS. 




Tke diameter of the Earth's shadow, at the distance of 
the Moonj^is nearly three times as large as the diameter of the 
Mooni aAd the length of the Earth's shadow 3is nearly four 
times as great as the distance of the Moon j exceeding it in 
the same ratio that the diameter of the EartH does the diame- 
ter of the Moon, which isas|3.663 to 1. 1 



The length of tbe Earth's sliadow, and its diameter at 
the distance of the Moon, ai'e subject to the variations 
eghibited In the following table. 



Diameter I Length of 

of the the shad" 

shadow. I ow in ras. 



Bon at tba perigee 



Son at bis mean distance 



1 at the apogee 



( Moon at the apogee 

) Moon at her mean distance 
MQou at the perigee 
Moon at the apogee 

\ Moon at her mean distance 
Moon at the perigee 
Moon at the apogee 

I Moon at her mean distance 
Moon ai th e perigee 



5,232 ) 

6,762 [ 842,217 

6,292 S 



5,270 
6,799 
6,329 
5,306 
6,836 
6,365 



856,697 



871,262 



•The first column of figures expresses the diameter of the Earth's shadow 
at the Moon : and as the diameter of the Moon is only 2l62,mile8, it is evident 
that it can always be comprehended by the shadow, whichlis more than twice 
aa broad as the disc of the Moon. • ' 

\The time which elapsed between two successive changes 
of the Moonlis called a lAinatioriy which, at a mean rate, is 
ahoiit|29^ days. If 12 lunar months were exactly equal 
to the 12 solar' months, the Moon's nodes would always 
occupy the same points in the ecliptic, and all eclipses 
would happen in the same months of the yean as is the 
case with \he transits of Mercury and Venus :/but, in 12 
lunations, or lunar months, there are onlv 354 ^days ; and 
in this time the Moon has passed ihrougn both her nodes, 

Jh tohat etrcumttancea U the duration of the, lunar eclipse the longest possible? 
Whet is tftelensrth cfthe greatest duration of a lunar eclipse ? With what does the 
duration qfeiUitses, not central, vary ? What is the diameter of the Earth's fshadow at 

the distance of the Moon 1 What is the 1« - - • - • - • 

latio to each otiier 7 
its diameter at' 



length of the Earth's shadow ) V'hat is their 



ber 1 AfftMMt t okatfim its does rA« length vf the Earth^s shadoto, and 

^.the distance of the Utam, vary ? What is the breadth of the Earth** 

^utdowcomvared with that qf the disc of the Moon? What is a lunation 7 Howmanr 
ours doM a lanation embrace? Why do not all sclipses happen in the same montfas of 
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but has not quite accomplished her revolution around the 
Sun :]the consequence is, that the Moon's nodes fall back 
m the ecliptic ai the rate of about 119^-^ annually ; so that 
the eclipses happen sooner every ybar by about 19 days/) 

As the Moon passes from one of her nodes to the other 
in 173 daysJ there isljust this period/ between two succes* 
sive eclipses of the Sun, or of the Moon. In whatever time 
of the year, |then, we have eclipses at either node, we may 
be sure that^n 173 days afterwards, we shall have eclipses 
at the other node' 



As the Moon's nodes fall back, or retrograrle in the ecliptic^ at the nte of 
19^° every year, they wiU complete a backward revolution entirely around 
the ecliptic to the same point again,/ in 18 years, £25 days/ in which tiiue 
there would always be a regular pcri6d of eclipsesJif any complete number 
of lunations were finished without a remainder. But this never happen* ; 
for if i>oti) the Sun and Moon should start froM a line of conjunction with 
either of the nodes in anypoint of the ecliplicl the Sun would perform 18 
annual revolutions and 222^ of j another, whil^ the Moon would perform 
S0) lunations, and 85<^ of anotlieif before the node would come around to the 
same pqint of the ecliptic affain : so that the Sun would then be 128° from the 
Mode, and the Moon 85<^ from the Sun. 

I But after 223 lunations jor 18 years, 11 days,* 7 hours, 42 minutes, and 81 
seconds, the Sun, Moon, did Earth, will return so nearly iu the same position 
with respect to each other, tiiat there will be a regular return of the sam» 
eelipseajor many ageaf ThiM frand period was discovered by the Chaldeans, 
and by them caUed Sbros.) If, therefore, to the mean time ot any eclip8e» 
either of the Sun or Moon,' Vfe add the Chaldean period of 18 years and 11 
days, we shall have the return of the same eclipse.^ This mode of predict-^ 
ing pcliopes will hoU aood for a thousand years, fh this period there ore 
usuallylVO eclipses j 41 of the Sun, and 29 of the Moon. ^ 

The number' of eclipses in any one year,^ cannot be less 
than two, nor more than Si^ven. ;/In the former case, they 
will both be of the Sun i]and in the latter, there will be ^ve 
of the Sun, and two of the MoonA-thos^^f the Moon will be 
total. There are sometimes sii ; but^the usual number is 
four : two of the Sun, and two of the MoonA 

The cause of this variety is thus accounted for.( Althoc^ the Bun nsually 
passes by both nodes only once in a year, he may pass the same node again 
a little before the end of the year.] In consequence of the retrograde motion 

* If there are /our leap years in this interval, add II days ; but if theie are Jlve^ add 
ouly teo days. 



How fiu- do the Moon's nodes fall back in the ecliptic annually, and how much t- -^ 
do the eclipses happen every year? In what time does the Moon pass from one of her 
nodes to the other 7 What is the length of the time which elapses between two sucoesMve 
eclipses of the Sun or the Moon J After there have been eolipses at one node, in what 
time may we be sure that there will be eclipses at the other I In what time do the Moon't 
nodes compie'e a backward revolution around the ecliptic 7. Why te there not oMoagt 
a regular period qf eclipses in this time 1 Jf the Sun and Moon should both start 
from a line <^ conjunction loith either node, how many revolutions would the Sun 
perform, and how many lunations the Moon, before the node woutd come around to 
the same point again i After how many lunations will the Sun, Moon, and Earth, 
return so nearly to the same position with respect to each other, that there will be 
a regular return qfthe same ecUpsesfbr many ages 7 What nation discovered this 
grand period, and what did they catt it ? What is the mode qf predicting eetipses, 
with which this fact furnishes us 7 How many eclipses are there usually in this pe- 
riod? What is the least, ahd what the neatest number ofeclipses, in any one year? In 
the farmer case, what eclipses wiUtheybB} What, in the latter) What is^the usual 
nwnfaerofeclipsesintheyear.andwfaatecUiMesarethey? Please eeiplain the cause qf 
thU variety. 

19* 



the Moon'i nodeai lie will come to eUher of them 173 ds^s after paesitu 
\b other. He mar, thereftire, return to'tbe same node in about 910 daye^ 



J thai paased one node twice and the other nnee, makioif each time, at 

each, an eclipse of both the Bun and the Moon, or, six in all. And, since 12 
lunations, or 3r4 days from the first eclipse in the beginning of the year, 
leave room for another new Moon before the oV>Be ortlie year, and since 
t|ila new Moon may tall within U)e ecliptic limit, it is possible for the Sun 
to be eclipsed sirain. Thus there may be seven eclipses In the same year. 

j^^n: when the Moon changes in either of her nodes, she cannot come 
initiiin the lunar ecliptic limit at the next full, (thoogh if she be full in one 



of her nodes, she may come into the aolar ecliptic li^iit at her next change,) 

and six months afterwards, T* "* -' ** "^ ^ — 

iHfoBir two eclipses. 



I, «he will change near the other node ; thus matc- 



llie following is a list of all the solar eclipses that will be visible in Europe 
and America during the remainder of the present century. To those which 
will be visible in N«w-£i^laud, the number of digits is annexed. 



tear. 


Month 


Day ib hour. 


DigiU 


Year. 


Month 


Day and Hour. 


Digits 


^ 


a^- 


aO 1 22 P. M. 


T 


1869, 


Aug. 


7 5 21 A. M. 


lOi 


iSe^ 


15 7 25 A. M. 


1870, 


Dec. 


22 6" A. M. 




1838, 


Sept. 
Jufy 


18 3 27 P. M. 


11 


1873, 


May 


26 3 A. M. 




1841, 


18 10 A. M. 




1874, 


Oct. 


10 4 A. M. 




1842, 


July 


8 OMer. 




1876^ 


Sept. 


29 5 56 A. M. 


lU 




Dec. 


9 ,3 46 P. M. 


2h 


1876, 


Mar. 


25 4 11 P. M. 


31 


May 


6 4 55 A. M. 


4 


1878, 


July 


29 4 56 P. M. 


7* 


1848; 


Apr. 


25 11 15 A. M. 


H 


1879, 


July 


19 2 A. M. 




O^t 


9 1 A. M. 




1880, 


Dec. 


31 7 30 A. M. 


H 


Mar. 


5 7 50 A. M. 


H 


1882, 


May 


17 1 A. M. 




iS? 


July 


28 7 4dA.M. 


3 




1885^ 


MaJ. 


16 35 A. M. 


n 


1^ 


May 


26 4 2B P. M. 


11 




1886, 


Aug. 


29 6 30 A/M- 


Mar. 


16 6 14 A. M. 


I 




1887, 


Aug. 


18 10 O^P. M. 




185^ 


July 


29 5 32 P. M. 


2 




1890, 


June 


17 3 A. M. 




1860, 


Jiily 


18 7 23 A. M. 


6 




1891, 


June 


6 0-0 Mer. 




1861, 


Pec. 


31 7 30 A. M. 


4 




1892, 


Oct. 


20 19 P. M. 


8i 


1863, 


May 


17 1 e P. M. 




1895, 


Mar. 


26 4 A. M. 




1^ 


Oct. 


19 9 10 A. M. 


3f 


1896, 


Aug. 


9 0-0 Mer. 




Oct 


8 11 12 A. M. 


o' 


1897, 


July 


29 9 8 A. M. 


H 


19^ 


Mar. 


6 3 A. M 




1899, 


June 


8 Mer. 




1868» 


Feb. 


23 10 A. M. 




1900, 


May 


28 8 9 A. M. 


a 



The eclipsea of 18S8, 1854, 1869, 1875, and 1900, will be very large. In those 
of 1816, 1858, 1861. 1373^ 1875, and 1880. the Sun teiU rise eclipsed. 

In that of 1644, the Sun will set eclipsed. Those of 1838, 18&(, and 1875^ win 
W annular. The scholar can continue this table, or extend it backwards, 
b/ addittf or subtracting the Chaldean period of 18 years, U days, 7 honra, 
Mmiautea, aDd3lseM»d8. 



MARS. 

Mars is the first of the exterior planets, its orhit lying 
iipttmediately without, or beyond, that of the Earth, while 
those of Mercury and Venus are within. ) 
^ Mars appears to the naked eye, of a fine ruddy com- 
plexion ; resembling, in colour, and apparent magnitude, 
the star Antares, or Aldebaran, near whic^ it frequently 
passes.] It exhibits its greatest brilliancy \kbout the time 



Ci 



that it#dses when the 9iin sets, and sets when the Son 
rises ;1because it is then nearest the Barth\ It is least 
brilliant when it rises and sets with the Sun \Aoi then it is 
five times farther removed from us than in the former case. 
Its distance from the Earth at its nearest approach is about 

. 50 millions of miies^ Its greatest distance from us is about 
240 millions of mi(es.\ In the former case, it appears 

{nearly 25 times larger^ than in the latter\ When it rises 
before the Sun, it is our morning star ; when it sets after 
the Sun, it is our evening star. 

The distance of aU the flianets from the Earth, whether they be interior 
or exterior planets, varies Vithin the limits of the diameters of their orbits;) 
for when a planet is in that point of Its orbit which is nearest the Earth, it 
is evidently neaxer by the whole diameter of ft^ orbit, than when it is in 
the opposite point, on the ctther side of its orbit. The apparent cUcuneter of 
the planet will also va^ for the same reason, aad to the same degree. 

Mars is sometimes seen in opposition to the Sun, and 
sometimes in superior conjunction with him : sometimes 
gibbous, but never horned. ) In conjunction, it is never 
seen to pass over the Sun's disc, like Mercury and Venus. 
This proves not only that its orbit is exterior to the Earth's 
orbit, but that it is an opaque body, shining only by the re- 
flection of the Sun.J 

The motion of Mars through the constellations of the 
zodiacQs but little more than half as great as that of the 
Earth ;] it being generallyfabout 57 days in passing over 
one sign^which is at the rate of a little more than half a 
degree each day. Thus, if we know what constellation 
Mars enters to day, we may conclude that two months hence 
it will be in the next constellation ; four months hence, in the 
next ; six months, in the next, and so on!) 

Mars .perfornis his revolution around the Sun in. 1 year^ 
and lO-H monthk at the distance of [l45 millions of miles {) 
moving in its oniit at the mean rate of/55 thousand miles ] 
y^n hour. Its diurnal rotation on its axis is performed in . 
\24 hours, 39 minutes, and 21^- seconds |s which makes its 
day about^44 minutes longer than ours^ 

Why it it most brilliaat at this time ? What aie its least and greatest distances from 
09 ? How much larger does it appear in the fbrmer case than in the latter 7 Within 
what limitg doet the distance qf all the planefe from the Earth vary 1 With 
tchat does the apparent diameter of a planet vary 7 What mooo-like pbaaea has 
Mara ? What does tho &ct, that it never assumes the crescent form at its conjuaction» 
pn>ve, in regard to its fiituation 7 How do we know it to lie opaoae 7 What in the rate 
of its motioo through the constellations of the sodisc, compared with that of the Earth? 
How long is it in passing over one sign ? At what rate per day is this 7 . How, then, if we 
know in what oonstellation it b at any one time* may we determine in what oonsteilation 
it will be at any solMequeot time 1 In what time-does it peribim its revolution around the 
8uQ7 What is its distance from the Sun 7 Whal is tbs mean rate of its motion in tU or 
hitperhoor? In what time doss it pei&rra its revoIatioD on its axis 1 What, then, is the 
length of its day, compared with that oftbe Earth 7 



Its mean sidereal rerolnfloii is peribrmed in 686.9796458 solar days; or 
iQ(C86 days, 23 tours, 30 minutes, 41.4 seconds A Its synodieal revolution la 
performed in 779.996 soiaz days ror in (779 days^ 22 hours, 27 minutes, and 
to Beconds. ] 

vlts foriA is that of an oblate spheroid, whose polar diame- 
ter is to its equatorial, as 15 is to 16, neariy> Its meaa 
dianieter is 4222 mile^ Its bulk, therefore, is ^7 times less 
than that of the Earth ; and being 50 millions of miles 
farther from the ^un, it receives from him only half as much 
light and heat. \ 

- The inclination of its axis to the pjane of its orbit, is about 
\.28f °.) Consequently, its seasons ^ust be very similar to 
thos</of the Earth.^ Indeed, the analogy between Mars and 
the Earth is greater tlian the analogy between the Earth 
and any other planet of the solar system. 'Their diurnal 
motion, and of course the length of their days (and nights, are 
nearly the same ; the obliquity of their ecliptics, on which 
the seasons depend, are not very different ; and, of all the 
superior planets, the distance of Mars from the Sun is by far 
the nearest to that of the Earth ; nor is the length of its 
year greatly different from ours, when compared with the 
years of Jupiter, Saturn, and Herschelj 

To a spectator on this planet, the Earth will appear al- 
ternately, as a morning and evening star; and will exhibit 
all the phases of the Moon, just as Mercury and Venus do 
to us; and sometimes, like them, will appear to pass over 
the Sun's disc like a dark round spotr\ Our Moon will never 
appear more than a quarter of a degree from the Earth, 
although her distance from it is 240,000 miles.] If Mars 
be attended by a satellite, it is too small to be seen by the 
most powerful telescopes. 

\ Wlien it is considered that Vesta, the smallest of the asteroids, which is 
once and a half times the distance of Mars from us, and only 269 miles in 
diameter, is perceivable in the open space, and that without llie presence of 
a more conspicuous body to point it out, we may reasonably conclude tliat 
l^ars is witiiout a moon. ^, 

•Tile progress of Margfin the heavens, and indeed of all the superior pla- 
nets, wiil, lilte Mercury and Venus, sometimes appeur direct, sometimes 
retrograde, and sometimes he will seem stationary. 1 When a superior 
planet first becomes visible in the merninf^, west of the Sun, a little after 
Its conjunclion, its motion is direct^ and also most rapid. When it is first 
seen east of the Sun, in the evening, soon after its opposition, its motion is 
retrograde. These retrograde movements and stations, as they appear to a 

In what time does it fferform its mean Hdereal revolution ? In what time, its 9v- 
nodical revjdutlon 7 Whafare its fomi and dimenBionB 1 Wliat, tlien, is its built, com- 
pared with the Eartli'8. and Ikjw much less light and heat does it receive fiom the Sun ? 
What w the inclmation of its axis to the plane of ite orbit 7 How are its seasons, compa- 
red with those of the Earth ? In what particulars is there a greater analogy between Mars 
and the barth, than between the Earth and any other planet in the solar system ? What 
must Ije tlie app«uanc« of the Earth to a spectator at Mars ? What is the greatest dis- 
tance trom the Earth at which our Moon will appear to him to be? Why may toe rsa- 
ewuaiy conclude that Mart hat no tateUtte f DeoerOe the proften i^Uanthrough 
the heavens. 
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f apectator from the Earth, are common to all tbe planeta^ and domonstnto 
\ the truth of the Copernican system. ) 

The telescopic phenomena of Mars afford peculiar in- 
terest to astronomers. (^They behold its disc diversified 
with numerous irregular and variable spots, and ornamented 
with zones and belts of varying brilliancy, that form, and 
disappear^ by turns. Zones of mtense brightness are to be 
seen in its polar regions, subject, however, to gradual 
chang^es. That of the southern pole is much the most bpl- 
liantjf Dr. Herschel supposes that they are produced by 
the reflection of the Sun's light from the frozen regions, and 
that the melting of these masses of polar ice is the cause of 
the variation in their magnitude and appearance. ) 

He was the more connrmed in these opinions by observ- 
ing, that after the exposure of the luminous zone about the 
north pole to a summer of eight months, it was considerably 
decreased^ while that on the south pole, which had been in 
total darkness during eight months, had considerably in- 
creased. 

He observed, farther, that when this spot was most lu- 
minous, the disc of Mars did not appear exactly round, and 
that the bright part of its southexn limb seemed to be swollen 
or arched out beyond the proper curve. 

TELESCOPIC APPEABANCES OF MABS. 
Fig. 16. 




V The extraordinary height and density of the atmosphere 
of Mars,'\are supposed to be the cause of the remarkable 
redness of its lignt. 

It has been found by experiment, that when a beam of 
white light passes through any colourless transparent"'me- 
dium, its colour inclines to rea, in proportion to the density 
of the medium, and the space through which it has travelled. 
Thus the Sun, Moon, and stars, appear of a reddish colour 

What tyatem, do theae rett:ograde maoemenu and itatUma, common to all the vtor 
neta 09 teen from the Earthy serve to eetablieh 7 What aie the tdeecopic pheooqiena 
oTMan} How doei Dr. Hencbel account for them ? Howmay therenarkaUeiedDaii 
ofthelifffatofMan be accounted for? « 



236 THS ASTEROIDS. 

'When near the horizon ; and every luminous object, seen 
through a mist, is of a ruddy hue. 

Tills phenomenon may be tlms explained :— The momentum of the red, 
or least refrangible rays, being jcreater titan that of the violet, or most refran> 
gible rays, the former will make their way through the resisting medium, 
while the latter are cither reflected or absorbed. The colour of the />eaiit, 
IherefiMTc, when it reaches the eye, must partake of the colour of the least 
refrangible rays, and this colour must increase with the distance. The dim 
light, therefore, by which Mara is illujiinatcd, having to pass iteice through 
its atmosphere before it reaches the Earth, must be deprived of a great pro- 
portion of its violet rays, and consequently then be red. Dr. Brewster wip- 
posrs that the difference of colour among the other planets, and even the 
fixed stars, is owing to the different heights and densities of their atmos* 
pheres. 



THE ASTEROIDS, OR TELESCOPIC PLANETS. 

Ascending higher in the solar system, we findj/oetween 
the orhits of Mars and Jupiter,J^ cluster of four small plan- 
ets, which present a variety df anomalies that distinguish 
them from all the older planets of the system. Their names 
Sire'y^Vesta, Junoy Ceres, ^ud Pallas, J They were all dis- 
covered about the beginning "of the pres/^nt century. 

The dates of their discovery, and the names of their discoverers, are as 
follows : f 

' Ceres, .January 1, 1801, by M. Piazzi, of Palermo. 
' Pallas, March 28, 1802, by M. Gibers, of Bremen. 
Juno, September!, 1804, bv M. Harding of Brenoen. 
Vesta, March 29, 1807, by M. Olbers, of Bremen.V 

The scientific Bode''^ entertained theopinion,|that the plane- 
tary distances, above Mercury, formed a geometrical series, 
each exterior orbit being double the distance of its next 
interior one, from the Sun ; a fact which obtains with re- 
markable exactness between Jupiter, Saturn, and Herschel. 
But this law seemed to be interrupted between Mars and 
Jupiter. Hence he jnferred, that there was a planet want- 
ing in that interval ; Vhich is now happily supplied by the 
discovery of the four^ror-^rm planets, occupying the very 
space where the unexplained vacancy presented a strong 
ODJection to his theory. 

* According to him, the diitaDces of the planets may be expressed nearly as follows : 
the Earth's duttanoe fiom the Sun being 10. 

Mercury 4 - 4iA8ten>idB 4-f3X2» - 28 

Venus 4-h3Xl - 7 Jupiter 4-|-3X2« - 62 

The Earth 4-|-3X2 - 10 Saturn 4+3X2' - 100 

Mars 4-f-3X22 - WHerschel 44-8X23 - 196 

Comparing these valaes witJi the actual mean distances of the planets fiom the Sun, we 
cannot but remark the near agreement, and can scarcely hesitate to pronounce that 
the respective distances of the planets from the Sun. were assigned according to a law* 
althoiigh we arc entirely ignorant of the exact law, and of the reason for that layr.—Brink' 
ley^9 Elements, p. 89. 

What new planets have been discovered within the present century ? Where are they 
'^ Lted 7 what are the dateeqf their dUcoverjf, and the names (ff their dUeovcrerel 



sitnat 
Why 



did Bode infer that there wasa idaiiet wanting between Mais and Jopiter) 
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' These bodies aie much snudler in size than the older 
planets — they all revolve at nearly the same distances 
from the Sun, and jierform their revolutions in nearly the 
same periods, — their orbits are much more eccentric, and 
have a much greater inclination to the ecliptic, — and what 
is altogether singular, except in the case of comets — allmross 
each others so that there is even a possibility that two of 
these bodies, may, some time, in the course of their revolu- 
tiAns, come into collision^ 

( The orbit &f Vesta is so eccentric,)that she is sometimes 
farther from the Sun than either Oi^res, Pallas, or Juno, 
although her mean distance is manf millions of miles less 
than theirs. TThe orbit of Vesta crosses the orbits of all the 
other three, in two opposite points. ) 

Tht student should here refer to the Figures, Plate I. of the Atlas, and veri- 
fu such of these particulars as are there represented, 'it would be well for 
the teacher to require him to observe jiarticularly the positions of their orSilSf 
and to state their different degrees qf inclination to theplane of the ecliptic. 

From these and other circumstances, many eminent as- 
tronomers are of opinion,| that these four planets are the 
fragments of a large celestial body which once revolved 
between Mars and Jupiter, and which burst asunder by 

jome tremendous convulsion, or some external violence.; 

(The discovery of Ceres by Piazzi, on the first day of the 
present century, drew the attention of all the astronomers 
of ihe age to that region of the sky, and every inch of it 
was minutely explored. The consequence was, that, in 
the year following, Dr. Olbers, of Bremen, announced 
to the world the discovery of Pallas, situated not many 
degrees from Ceres, and very mucl\ resembling^ it in size J 

From this discovery^ Dr. Olbers, first conceived the id^a 
that these bodies might be the fragments of a former world; 
and if so,\that other portions of it might be found either in the 
same neighbourhood, or else, having diverged from the same 
point, " they ought to have two common points of reunion^ or 
two nodes in opposite regions of the heavens through which 
all the planetary fragments must soon^ or later pass."^ 

One of these nofles he found to be^ in the constellation 
Virgo, and the opposite one, in the Whale j^and it is a re- 
markable coincidence that it was (in the neighbourhood of 

In what ptirtiotlan do these new ploneta differ from the older planets ? How » it poi- 
■ible tliat two of them Blrauld over come into oolliskin ) How is it that Veatn is somottmos 
ftrthor from the Sun thiin cither Ceres. Pallas, or Juno, when her mean distance is many 
miltions of miles less than theirs ) What is ths position of iier orbit with regard to their 
orbits 7 WImt theory in roganl to the origin of these planets have some astronomers de- 
rived pom those and tome other circumstances 7 who first conceived this idea 7 How 
oame he to have this idea 7 Where did he imagine other fVagmeats might be found? la 
what constellatioDs did he find these nodes to bel 
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the latter con^eUation that Mr. Htrding discovered the 
plaoet JuDoT)^in order therefore to detect the remaining 
fragments, if^anv existed, Dr. Olbers examined, three times 
every year, all the small stars in Virgo, and the Whale; 
and it was actually in the constellation Virgo, that he dis- 
coveied the planet Vesta. J Some astronomers think it not 
unlikely that other fragm^ts of a similar descciption may 
hereafter be discovered. Dr. Brewster attributes the fall 
of meteorib stonesvto the smaller fragments of these bodies 
happenin&f to come within the sphere of (ffe Eaith's at- 
traction, r J 

Meteoric stones, or what a?^ generally termed aeroKtea^ ard stones which 
aonjotiines iali from the upper regions of the a^ooephere, upon the Eartu 
-The substance of which Uiey are composed, ia,vror the most part, metalliej 
'^ but the ore of which it consists is not to be found in the same constituent 
proportions in my known substance upon the EarthJ Their fall is general- 
ly preceded bv/a luminous appearance, a hissing noise, aiid a loud explo- 
sion;* and, when found immediately aft their descent, tthey are always 
hot, and usually covered with a black crust, indicating a^ state of exterior 
tiision. ; 

Their^size varies from that of small fragments of inconsiderable weight, 
to that of the most ponderous masses. They have been found to weigh 
irom 300 pounds to several tons ; and they have descended to the Earth 
with a force sufficient to bury them many feet under the surface>i 
I Some have supposed that they are projected from volcanoes in the 
Moon ; others, that they proceed from volcanoes on the Earth ; while others 
imagine that they are generated in -the reaions of the atmosphere ; but 
the truth, probably, is not yet ascertained.T In some instances, tiiese stones 
have penetrated through the roofs of houses, and proved destructive to the 
iQhabitants. 

. If we carefully compute the force of gravity in the Moon, we shall find, 
tnat if a body were projected from her surface with a momentum that 
would cause it to move at the rate of 8,200 feet in the first second of time, 
and in the direction of a line joining the centres of the Earth and Moon, it 
would not fall again to the surface of the Moon ; but would become a sa- 
tellite to the Earth. Such an impulse might, indeed, cause it, even after 
many revolutions, to fall to the Earth. The fall, therefore, of these stones, 
from the air, may be accounted for in this manner. Jl 

Mr. Ilartc calculates, that even a velocity of 600w feet in a second, would 
be sufficient to carry a body projected from the surface of the Moon beyond 
the power of her attraction. If so, a projectile force three times greatec 
than that of a cannon, would carry a body from the Moon beyond the point 
of equal attraction, and cause it to reach the Earth. A force equal to thia 
is often exerted by our volcanoes, and by subterranean steam. Hence, 
there is no impossibility in the supposition of their coming from the Moon ; 
but yet I think the theory of aerial consolidation the more plausible. 

Vesta appears, however, like a star of the 5th or 6th 
magnitude, shining with a pure steady radiance, and is the 
only one of the asteroids which can be discerned by the 
naked eye. 

Where were Juno and Vesta actually found 7 How did Dr. Olben disoover Vesta J To 
what docs Dr. Brewster attribute the fall of meteoric stones ? What is meant by th« 
expres9ion, fneteorlc atones 1 Qftohat tubstance are they convposed 7 In what ra* 
spect do they differ from any metallic substances knoum on the Earth 7 What indi- 
cations generady precede their /all 7 In what state are they foumd to be ajter their 
descent 7 What is their magnitude 7 What theories have been adopted to account 
for their origin 7 Explain how it U not impossible that they may come from the 
Moon. Describe the appearance of Vesta. 
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f Juno,] the D^xt pltnet in order ^aftwr Vesta, reyolres 

RTC^nd the Sui];^id 4 years, 4^ months) at' the mean distance 

^oljf 254 millions of milesj\ moving in ner orbit at the rate of 

/^^l thousand miles an hour.,. Her diameter i&.fistimated at 

' V 1393 miles^ This would make her magniludeil83 times less] 

than the Earth'sy*- The light an^ heat which she receives 

from the Sun iaf seven times lessHhan that received by the 

Earth. ^ > 

The eccentrfcity of her orbit is so great, that her great- 
est distance fr©m the Sun is^tearly doublef.her least distance ; 
so that, when she is in her perihelion, she is nearer the Sun 
by 130 millions of miles, than when she is in her aphelion. 
This great eccentricity has a corresponding effect upon 
her rate of motion ; for being so much nearer, and there- 
fore so much more powerfully attracted by the Sun at one 
time than at another, fshe moves through that half of her 
orbit which is nearest the Sun, in one half of the time that 
she occupies in completing the other half^ 

According to Bchroeter, the ^ameter of Juno isv 1425 milesTj; and 8>)e is 
surrounded by an atmosphere more dense than that of any Jot the oth^r 
planets.j Schroeter also remarks, that the variation in her brilliancy is 
chiefly Awing to certain changes in the density of her atmosphere^ at the 
same time tie thinks it not improbable that these changes may arise from 
a diurnal revolution on her axis. 

(Ceres, the planet next in order after Juno, revolves about 
the Sun inr4 years. 7^^ months, at the mean distance of '2631* 
millions of miles, jmoVing in her orbit at the rate of 41 
thousand miles an/hour^ Her diameter is estimated at 1582 
milesi which makes her magnitude .125 times less^han the 
Eartlrs. The intensity of the light and heat which she re- 
ceives from the Sun, is abou^T^ times less )han that of those 
r;eived by the Earth. 
Ceres shines with a ruddy colour, and appears to be only 
about the size of a star of the Sth magnitudel Consequent- 
ly she is never seen by the naked eye. Sne is surrounded 
by a species of cloudy or nebulous light, which gives her . 

"What is the planet next in order after Vesta 7 In what time doe« she complete her re- 
vo'ution around the snin 1 What is her mean distance from him 1 "What the rate of her 
motion per liour? What ia the length of her diameter i How much less, then, is her 
magnitude, tiiun that of the Earth 1 How roucti li«bt and beat does she receive m>m the 
Sun, compared with those received by the Earth ? How much greater is her greatest dis- 
tance from tlic Sun, tlian her least distance 3 How much less time does she occupy in 
movint; rhroiiph that half of her oibit which is nearest to the Sun, than she does in mo- 
ving tiirough tliat half which is farthest from him 7 What it her diamaer accOrpng to 
Bciiroeter 7 According to the tame astronomer, what U the density of her HQaot' 
pbere, comvared with that of the other planete ? To what does he attribute trktva- 
riatitm in her brilftancy 7 w hat is the next planet in order after Juno ? In wfaai time 
does she complete her revolution about the Sun 7 What is her mean distance from him 7 
What is tiie rate of her motion per hour 7 What is her diameter 7 How great is her mafi- 
nitude, compared with that of the Earth? What is the intensity of the Ught and beat 
which she receives from the Sun, c<«npared with that of tfaote received by the Earth ? 
Describe her appearance. 

20 
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somewhat the appearance of a comet, forming, according to 
Schroeter, an atmospherrf 675 miles^n height. 

Ceres, as has been said, was the first digcovered tK the asteroids. At 
her discovery, astronomers conirratulated theraselvos upon the harmony of 
the system being restored. ^ They had lone wanted'a planet to fill up the 

f;reat vo'>d between ^ars and^ Jnpiter, in order to make the system ccmplete 
D their own eyes i but the successive discoveries of Pallas and Juno a^ain 
introduced confusion, and presented a difficulty which they were unable to 
solve, till Dr. Gibers suggested the idea that these small anomalous bodies 
were men;ly the fra^meiUs of a larger planet, which hail been exploded by 
some mighty canvuUionA Among the most able and decided advocates of 
, this hypothesis, is Dr. Brqlvster, of Edinburgh. 

pALLAS,'|he next planet in order after Ceres, performs her 
revolution aroun^ the Sun in.4 years. 7f\i[ionths, at the 
mean distance of?264 millions of milesSmo\^1ng in her orbit 
at the rate ofi^l thousand miles an hour.i Her diameter 
IS estimated af*^025milesAwhich'is but little less than that 
of our Moon.j It is a sin^lar and very remarkable pheno- 
menon in the solar system, that two planets, (Cere^ and 
Pallas,) nearly of the sanqe size, should be situated at>equal 
distances from the Sun, revolve about him in the same 
period, and in orbits that' intersect each other. The dif- 
ference in the respective distances of Ceres and Pallas is 
less than a million of miles. The difference in their side- 
real revolutions, according to some astronomers, is h\i{\ 
single day ! ] 

The calculation of thf latitude and longitude of the asteroids, is a labour 
of extreme difficulty, f requiring more than 400 equations to reduce fheir 
anomalous perturbations to the true place. - This arises from the want of 
auxiliary tables, and from the fact that the eferoents of the star-form planets, 
are very imperfKtly determined. Whether any of the asteroids has a ro- 
tation on its axi% remains to be ascertained* 



JUPITER. 

Jupiter is the largest of all the planets belonging to the 
solar systena. It may be readily distinguished from the 
fixed starsi by its peculiar splendour and magnitude ;\ap- 
pearing to the naked eye almost as resplendent as Veims, 
although it isjnore than feeven times\her distance from the 
Sun. •' 

How high, according to Bchroeter, is the atmosphere fornicd l)y this nebaloud Iteht ? 
WMj did astronomers congrmulafe themaefvea at the dUcorerit nfthU i)fanet ? What 
again introduced copfusion and diffieuUy into their itystcvi ? Ilcto totre they at 
tenpth evoh'ed to solve the difficulty J What planet is the next in order afttr Ceres? 
In what time does she complete her revolution around the Sun ? What is her nicnn dis- 
tance from him ? What is the rate of her motion in her ortiit per hour? What is hor di- 
ameter ? How ETeDt iA it compared with th« diameter of the Moon ? What is the diJfter- 
ence between the iwipective distances of Ceres and Pallas from the Pun ? V hat is the 
diiterenoe between the times of i heir sidereal revolutions T Why is the calculation qf the 
latitude and longritude of the asteroids a labour of extreme difficultv 7 Have any (if 
the asteroids rotations <m thoraxes / Which is the largest planet of the solar system I 
¥9^ 'P<ML''"PL^ k? '^<^*7 distinguished fiom the ^edstan ? How much ftrther is ba 
ftom the 6un than Venus? 
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(when his right ascension is less than that of the Sun, he 
is our rooming star, and appears in the eastern hemi- 
sphere before the Sun rises ; when greater, he is our 
evening star, and lingers in the western hemisphere after 
the Sun sets7\ 

Nothing can be easier than t^ trace Jupiter among the 
constellations of the zodiac ; fo^ in whatever constellation 
he is seen to-day, one year hence he will be seen equally 
advanced in the next constellation!^ two years hence, in the 
next ; three years hence, in the next, and so on ; being 
just a year, at a mean rate, in passing over one constel- ' 
lation. 

The exact mean motion of Jupiter in its orbit, is about one twelfth of a 
degree in a ilay ; which amounts to only 30*^ 20^ 32^^^ in a year. - 

For 12 years to come, he will, at a mean rate, pass 
through the constellations of the zodiac, as follows: 



1834 


Aries. 


1838 


Leo. 


1842 


Sagittarius. 


1835 


Taurus. 


1839 


Virgo. 


1843 


Capricorniis. 


1836 


Gemini. 


1840 


Libra. 


1844 


Aquarius. 


1837 


Cancer. 


1841 


Scorpio. 


1845 


Pisces. 



Jupiter is th^next planet in the solar system above the 

asteroids^^nd performs his annual revolution around the 

Sun in nearly 12jof our years, at the mean distance j3f 495 

millions of miles ^ moving in his orbit at the rate ofr30,000 

miles an hour.) * ^ 

The exact period of Jupiter's sidereal revolution vk 11 years, 10 months, 
17 days, 14, hours, 21 minutes, 25i seconds.) His exact mean distance from 
the Sun if ^.533.837 miles ;^ consequently, Ihe exact rate of his motion in 
his orbit, te £9,943 \uiles per-kour. /' 

He revolves on an axis, which i^ perpendicular to the 
plane of his orbitl in 9 hours, 55 minutes, and 50 seconds ; 
so that his year/contains 10,471 days and nights 5J each 
about 5 hour^ long, y- 

His form isTthat of/s^n oblate spheroid^ whose polar diame- 
ter is to its equatorial, as 13 to 14. '* He is therefore consid- 
erably more flattened a^ the poles, than any of the other 
planets, except Saturn. ^This is caused by his rapid rotation 
on his axis ; for it is a^ universal law that the equatorial 
parts of every body, revolving on an axis, will be swollen 

In what case is he our moming star, and in what our evening? How may he be traced 
amoni7 the eonstullations of the Zodiac ? In what constellation will be be, each year, for 
twelve years to come 7 What is his position in the solar system ? Wliat is his mean dis- 
tance from the ?nn 1 What ia the rate per hour of his motion in his oihit } What ia the 
exact perfol of his sfdereal revolution ? What is hia exact mean dintance from the 
Bun t What the, exact rate -per hour of hie motion in his orbit 7 What is the iwsi- 
tion of his axii) Mrith respect to the plane of his orbit? How many days and nights does 
his year contain ? How ion^ are they, each ? What is his form ? What is the ratio be- 
tween his pQlar and equatonal diameters ? What is the cause of his being more fiatteq^ 
At the poles than any of the other planets ) 
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oat, in proportion to the density of the body, and the rapidi- 
ty of its motion. J 

A The difference b^pveen the polar and eqoalorial diameters of JupHer, 

[ exceeds 6000 miles. ) The difference between the polar and equatorial di< 

^ ameters of the Eartn. is only 26 miles. Jupiter, even on the most careless 

view ihrou^h a good telescope, appeasjs to beloval ;) the longer diameter 

beinflnxurallel to the direction of his Delts,\7hich arc als* parallel to the ecliptic. 

^ this rapid whirl on his axis, his equatorial inhabitants 
are carriad around at the^rate oi^^,554 miles/ aa hour; 
which is) 1600 miles farther\than the equatorial inhabitants 
of the fiarth are carried, by its diurnal motion, in twenty^ 
Jhur hours. ^ }. 

The true mean diameter of Jupiter is (86,255 miles ; which 
is (nearly IL-timesWeater than the Earth's, ^is Volume 
is theretore ©bout thirteen hundred miles larger jthan that 
of the Earth. (Compare hU magnitude with tnat of the 
Earth, Plate /.) On account of his great distance from 
the Sun, ttie degree of flight and heat which he receives 
f^m it, isJ27 times lesskh^n that received by the Earth. 

' When Jupiter is in conjunction, he rises, sets^ and comes to the meridian 
with the Sun ,- but is never observed to make a transit, or pass over the 
Sun's disc ; when in opposition, he rises when the Sun sets, sets when the 
Sun rises, and comes to the meridian at midnight, which never happens in 
the case of an interior planet. This lyoves that Jupiter revolves in an orbit 
which is exterior to that of the Earth. .^ 

As the variety in the seasons of a planet, and in the length 
of its days and nights, depends upon the inclination of its axis 
to the plane of its orbit,^d as the axis of Jupiter has no 
inclination, there can be^no difference in his seasAis, on 
the same parallels of latitude, nor any variation in the 
length of his days and nights.^ It is not to be understood, 
however, that one uniform seaion prevails from his equator 
to his poles ; but that the same parallels of latitude on each 
side of his equator, uniformly enjoy the same season, what- 
ever season it may be. 

About his equatorial regions there is perpetual sUinmer ; 
and at his poles everlasting winter; but yet. equal day and 

^ equal night at each. This arrangement seems to have been 
kindly«ordered by the beneficent Creator ; for had* his axis 
been inclined to his orbit, like that of the Earth, his polar 

' winters would have been alternately a dreadful night of 

^ si^ years darkness. ' 

IV/uit ia the difference bitioeen his polar and equatorial diameters? JVhat does 
hie form appear to he, through a good telescope? What 1» the direction of hia 
longer diameter ? At what rate per hour are his equatorial inhabitants carri*^ bv \aa 
motion on his axis ? How much farther is this than the equatorial inhabitRnts of the 
Earth are carried in 24 boars? What is Jurater's true mean diameter? How much 
fT^ater is it tlian the Earth's ? What is his volume, compared with the Earth's ? What 
IS the degree of lieht and lieat which he receives from the sun, compared with that re-- 
oeived by the Earth ? How do we know that Jupiter's orbit is exterior to that of the 
Earth? What is the arrangement of Jupiter's seasons, and of his days and nights f 
Mad his axis been inclined to the idane of his oibit, like that of our Eaftii* bow long wcHikl 
m» polar nigbls have been ? 
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f TELESCOPIC APPEARANCES OF JUPITER. 
Fig. 17. 



333 





I Jupiter when viewed through a telescope, appears to be 
surrounded by a number of luminous zones, usually termed 
heltSy that frequently extend quite around him. These belts 
are parallel not only to each other, but, in general, to his 
equator, which is also nearly parallel to the ecliptic. They 
are subject, however, to considerable variation, both in 
breadth and number. Smnetimes eight have been seen at 
once; sometimes only one, but more usually three. Dr. 
Herschel once perceived his whole disc covered with small 
belts.! 

Sometimes these belts continue for months at a time with 
little or no variation, and sometimes a new belt has been seen 
to form in a few hours. Sometimes they are interrupted in 
their length ; and at other times, they appear to spread in 
width, and run into each other, until their breadth exceeds 
6,000 miles. 

Bright and dark spots are also frequently to be seen in 
the belts, which usually disappear with the belts themselves, 
though not always, for Cassini observed that one occupied 
the same position more than 40 years. ^Of the caiise of 
these variable appearances, but little is known. They are 
generally supposed to be nothing more than atmospherical 
'phenomena^ resulting from, or combined with, the rapid mo- 
tion of the planet upon its axis. 

Different opinions have be^n entertained by afitronoraers respecting the 
cause of these belts and spots.! By some they have been regarded aa clouds, 
or as openings in the atuiosi^ere of the planet, while others imagine that 
they are of a more permanent nature, and are the marks of great physical 
revolutions, wiiich are perpetually agitating and changing the surface of 
the plaiiet. The first or these opinions sufficiently explams the variations 
in the form and magnitude of the spots, and the parcllelism of the belts. 
The spat. first obst^rved by Cassini, in 1665, which has both disappeared 
and reappeared in the same form and position for the space of 43 years, 
could not possibly be occasioned by any atmospherical variations, but seems 
evidently to be connected with the surface of the planet. The form of the 

"Describe Jupiter's appearance, as seen through a telescope. What is supposed to be 
the cause of these phenomena ? Relate some (if the d^erent opinions entertatned by 
ostronomers on this subject. 
20* 
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belt, according to come astronomen, may be accounted for by supporing 
that the atmoiphere reflects more. light than the body of the planet, and 
that the clouds which float in it, being thrown into parallel strata bv th« 
rapidity of its diurnal motion, form regular interstices, through which are 
Been its opaque body, or any of the permanent spots which may come within 
ihe range of the opening. a . * -'^ 

Jupiter is also attended by;^four Satellites or moons,(some 
of which are visible to him everyyiiour of the night f^exhib- 
iting, on a small scale and in short periods, most of the phe- 
nomena of the solar system. When viewed through a tele* 
scope, these satellites present a most interesting and beau- 
tiful appearance. The first satellite, or that nearest the 
planet, id^259,000 mile^distant from its centre, and revolves 
aroynd it inr42| hours mnd appears, at the surface of Jupi- 
ter,;four times larger than our Moon does to us.''^ His second 
satellite, being both smaller and farther distant, appears 
about the size qf ours; the third, somewhat less; and the 
fourtlywhich is/tnore than a million of milesjfrom him, and 
takes :16l days, to revolve around him, appears only about one 
third the diarfieter of our Moon.J . 

These satellites suffer iDrequent eclipses from passing 
through Jupiter's shadow, in the same manner as our Moon 
is eclipsed in passing through the Earth's shadow. { The 
three nearest satellites fall into his shadow, and are eclips- 
ed, in every revolution ;Jbut {the orbit of the fourth is so 
much inclinea,Vliat it passes "by its opposition to him, two 
years in six, without falling into his shadow./ By means of 
these eclipses,, astronomers have not only aiscovered that 
light is 8 rninutes and 13 seconds in coming to us from the 
Sun, but are also enabled to determine the longitude of pla- 
ces on the Earth with greater facility and exactness than 
by any other methods yet known.) 

It was long since found, by the most careful observations, that when the 
Earth is in that parr of her orbit winch is nearest to Jupiter, the eclipses 
appear to happen 8' 13" sooner than the tables predict; and when in 
that part of her ojrbit which is farthest from him, 8' 13" later than the 
tables predict ; making a tola! ditTerence in time, of 16' 26". From the 
mean of GOOO eclipses observed by Delambre, this disagreement between 
observation and calculation, was satisfactorily settled at 8' 13", while both 
were considered equally correct Now when the eclipses happen sooner 
than the tables, Jupiter is at his nearest approach to the Garth — when to/er, 
at his greatest distance ; so that the difference in his distances from the 
Earth, in the two cases, is the whole diameter of the Earth's orbits or about 
190 millions of miles. Hence, it is concluded that light is not instantane- 

How nianjr satellites has Jupiter? How often are they, visible to bira ? What is the 
I distance from him of iiis first or nearest satellite ? What is tiie time of its revolution ? 
What is iU apparent magnitude at the surface of Jupiter, compared with the magnitude 
of the Moon, as seen oy us ? What are the apparent magnitudes of his other sntellitcs, 
as seen at his aiirtace, compared with that of the Moon as, seen at the Earth 7 What is 
the distance of his fourth satellite from him ? What is the time of its revolution ? IIow 
often are his three nearest satellites eclipsed? How often his fourth? Why is it not 
eclip«ed as otXea as the others ? What important purposes have these eclipses served to 
astronomers? State the method by which the vrogressive motion of liffhtt and thd 
time which it occupies in comings to us from the Bun, were discovered. 
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Ml*, bat that it occupies 16^26'^ Ir passinc acroas the Earth's orbit, or 8' 13^' 
la coming from the San to the Earth ; being nearly 12 miUions of miles • 
mii^e. 

- The revolutions of the satellites about Jupiter are pre- 
cisely similar to the revolutions of the planets about the 
Sun/? In this respect they are an epitome of the solar sys- 
tem, exhibiting, on a smaller scale, the various changes tnat 
take place among the planetary worlds. 

Jupiter, when seen from his nearest satellitej appears a 
tJiousand times larger than our Moon does tons, exhibiting, 
on a scale of inconceivable magnificence, the varying forms 
of a crescent, a half moon, a gibbous phase, and a full moon, 
erery 42 hours. ^ 

The apparent diameters of Jupiter's satellites, their mean distances from 
him, and their periodical revolutions, are exliibited in the following table. 



Satellites. 


Revolution. 


App. 
Diam. 


Mean Dist 


First, 
Second, 
Third, 
Fourth, 


Id. 18h. 28m. 
3 13 14 
7 3 43 
16 16 32 


1. 667 
1. 189 
1. 050 
0. 550 


259,000 

414,000 

647,000 

1,164,000 



SATURN. 

Saturn is situate^ between the orbits of Jupiter and Her- 
scheDpnd is the mo^t remote planet from the Earth of any 
that are visible to the naked, eye. It may be easily distin- 
guished from the fixed stars^by its pale^ feeble, and steady 
light.^ It resembles the starf^omalhaut^-botliin colour and 
size, difiecing from it only in the steadiness and uniformity 
of Jts light) 

^rora the slowness of its motion in its orbit, the pupil, 
throughout the period of his whole life, may trace its appa- 
rent course among the stars, without any danger of mistake. 
Having once found when it enters a particular constella- 
tion, he may easily remember where he is to look for it in 
any subsequent year ; because, at a mean rate, it is just 2i- i 
years in passing over a single sign or constellation. ^ I 

Saturn's mean daily motion among the stars is only about 1 
2% the thirtieth part of a degrees ■ \ 

Saturn entered <he constellation Virgo about the beginning of 1833, and | 
continued in it until the middle of the year 1835, wheit he passed into Li- 

Tn wliat respect are Jupiter's satellites an epitome of the solar system ? Wliat is Jupi- i 
ter's appearance, as seen from iris nearest satellite ? What are the diametera, mean dit- 
tance», and times of the revolution of his aatellUes 7 Where, 4n the solar system, is 
Satarn situated ? How may it be distiogxiished from the fixed stars ? What star does it 
resemble ? In what respects is it like it, and in what is it different from it ? How may his 
idace among the stars be readily found 7 What is about the rate of his mean daily mo- 
tion among the stars 7 When did Saturn enter the con$telUUion Virgo, and how Icmg 
did he continue in it 7 What conateOatUm did he enternaei, andhowlon^vyiUhi 
wntintM in it 1 
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SATURN. 



bra. He will continne in that cona&ellation until * 1838 i and so on f occa- 

tjyinjf ^bout 2J years in each constellation, or nearly 30/years in onV revo- 
Qtion. ^ . - 

The mean distance of Saturn from the Sun is nearly- 
double that of Juj[>iter, being about ^09 millions of miles. j 
His diameter is ^bout 82,000 milesl^ l^is volume therefore/ 
is ieleven hundred ^mc5 sreatenthan'the Earlh^s; Moving 
imhis orbit at the rate off22,00u miles an hour,\he requires 
29^- years to complete his -circuit around the. Sun: but his 
diurnal rotation on his axis is accomplished (in iQji hours.' 
His year, therefore, is nearly thirty times as long As ours, 1 
while hi| day is shorter by more than one half. His year 
contains about 25,150 of its own days, which are equal to 
10,759 of our days. 

The surface of Sjiturn, like that of Jupiter,5^is diversified 
with belts and dark spots. ; Dr. Herschel sometimes per- 
ceived five belts on his surface ; .Ihree of which were dark, 
and two bright. The dark belts nave a yellowish tinge, and 

fenerally cover a broader zone of the planet than those of 
upiter. . 

1^ the inhabiiants of Saturn, the Sun appeari^O times 

less)hanjie appears to the Earth; and they receive from 

him onlyf^one ninetieth pari a's much light and heat. But 

Ai is computed that even \\ieninetieth part of the Sun's light 

. exceeds the illuminating power of 3,000 full moonsj which 

would be abundantly sufficient for all the purposes of life. 



Fipr. 18. 




Tlie telescopic appearance 
of Saturn is unparalleled. It 
is even more interesting than 
Jupiter, with all his moons 
and belts. That which emi- 
nently distinguishes this 
planet from every other ij^ 
the system, is a magnificent 
zone or ring, encircling it 
with perpetual light. 

The light of the ring is 
more brilliant than the pla- 



How long timedoBshe occupy in passing throygheach constellation, and tohat is 
the length of his. year 7 What is Iiis distance from the Sun ? How much greater is this 
than Jupiter 8 distance 7 What is his diameter ? How much ^ater is his volume than 
tliat of the Earth ? Wljat is the rate per hour of his motion in his orbit ? In what tiine is 
his diurnal motion on his axis performed ? How many of hia own days does his year con- 
tain, and iiow many of ours ? What is the appearance of iiis surface to us ? How many 
belts did Dr. Herschel perceive on his surface 7 Describe them. How much Jess does 
the Sun appear to the inhabitants of Saturn than tq, us 7 What degree of light and beat 
does he receive from the Sun, compared with that received by the Earth 7 To the lightof 
bow many full moons is this degree of light equal 7 Describe the telescooic appea«aac« 
of Saturn 7 



i. 
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net itself. It turns around its centre of motion in the same 
time that Saturn turns on its axis. When viewed with a 
good telescope, it is found to consist of two concentric rings, 
divided by a dark band«> 

[ By the laws of mechanics, it is impossible that the body of the rings 
ihould retain its position by the adhesion of the particles alone ; it mast ne> 
cessarily revoiye with a velocity that will jcenerate centrifugal force suffi- 
cient to balance tha attraction of Saturn*, observation confirms the troth 
of theee principles,! showing that, the riii|;d rotate about the planellin 10|^ 
hoursiwhich is confbiderably Heas than the time a satellite would take to're- 
volve iLbout it a~t ihje same distance. Their plane is inotined to the ecliptic 
in an angle of 31^. ^ In consequence of this obliquity of positftn, they al- 
ways appear elliptical to us, but with an eccentricity so variable as to ap' 
pear, occasionally, lilce a straight line drawn across the planet ; in which 
case they are visible only by the aid of superior instruments. Such was 
their i>osition in April 1833 ; for the Sun was then passing from their south 
to their north side. The rings intersect the ecliptic in two opposite points, 

Saturn's rings. 
Fig. 19. 




Why ahouU we judge, vreviou* to oluenatioiih ^UU thue ringt mu$t rcvotos 
wound him f ^ Does observation confirm tM$ opinion 7 In what time do the rhtn 
revolve about the planet 7 Is this a greater or lees time than a satellite at the same df*- 
tancetjoould require to revolve about it J Whv do the rings always appear eUiptimA 
lous7 To what extent does the eccentricity^ the ringe vary f Wkkt U the poaf^ 
tion qfthe rings with regard to the ectlptieJ 
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which may iMneaUed their nodes. These pomts are io longitudeilTOO, and 
300 degrees. ]\When, therefore, Saturn is in eitherof these points, liis rinss 
will be invi^le to us. On the contrary, when liis lowntnde is 80°, or 2(XP, 
the rtiiRji may be socn to the grcaiesi advantage.! Askhe ed^es of the rings 
will presionitheiii.>'.»'lves lOtliK :^un twi«e in each i^^Hiitronof ilir planetlit is« 
obviouss f!uu the dijiappcarance of iheiri will occur onco in about 15 yr%.rs ; 
subject, however, to the variation dependent on the position of the Eiirih at 
that time. 

The preceding diagrams arc a very good representation of the form and 
position of the rings aa they appear to a spectator during one complete rcvohi- 
tion of Saturn ttirouffli ihe signs of the ecUptic. r 

By reference to the figure, it will be seen, tha^when Saturn is in either of 
the first six signs, the Sun shines on the south aide of the rin^s ; and tliat 
while he is in either of the last six signs, upon their north side, j 

The following are the dates during the ensuing revolutions /f the planet, 
when its mean heliocentric longitude is such that the rings will (if the E&rth 
be favourably situated) eitlier be invisible, or seen to the greatest advaa- 
tage. 

1833 April. 20O of Virgo. Invisible. 

18^8 July. 20° of Scoririo. North side illuminated. 

1817 Dec. 20° of Aquarius. Invisible. 

1S53 April. 20° of Geuuni. South side illuminated. 

1963 Nov. 20° of Virgo. Invisible. 

The distance between Saturn and his inner ring, is^only 
21,000 miles ; 'being less than a tenth part tof the distance of 
our Moon from the Earth. The breadth-^of the dark band, 
or the interval between the rings, is hardly 3,000 miles] — 
The breadth of the inner ring is 20j6op miles. j Being only 
about the same distance from SaturnJ it will present to his 
inhabitants a luminous zone, arching the wnole concave 
vault from one hemisphere to the other with a broad girdle 
of light:) 

The most obvious use .of this double ring is, to reflect 
light upon the planet in the absence of the Sun ^ what other 
, purposes it may be intended to subserve, is to us unknown. 
The sun, as has been shown, illuminates one side of it during 
* 15 years, or one half of the period of the planet's revolution ; 
and, during the next 15 years, the other side is enlightened 
in-its turn. 

Twice in the course of 30 years, there is a short interval 
of time when neither side is enlightened, and when, of course 
it ceases to be visible ; — namely, at the time when the Sun 
ceases to shine on one side, and is about to shine on the 



What la the lf>n7ifude qf these nodes 7 Jn what position of Saturn, then, toill th* 
rmgs be invlaible to tta, ntid in what msitton toill they be teen to the best advantage f 
Hotp often will the disappearance of the rings occur 7 Explain this. In what signs 
Will thepJanetbfAohen the Sun thines on the south side qfthe rings, and in what on the 
tutrtn Side t what is tlie distance between Satuni and his ioner ring ? How jrrcat is 
this, compared with the distance of our Moon from the Earth ? What is the distance be- 
tween the two noCT 7 Whet is the breadth of the inner rinfj? "What muM be its npix»ur- 
aneeat aatuni? what is the moat obvious use of tlii* double ring 7 How long a time 
does the Sun enlighten each side of it alternately 7 How ofien, and in what circiunstan- 
ces, is neither side enlightened, and the ring, of coaiBe» iovisflbJe } 
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other.* 1 It revolves around its axis, and consequently, 
around featurn, iii 10}° hoi»rs,Which is at the rate of a thou- 
sand miles in a mihute,^or^^ (imes swifter than the' revolu- 
tion of the Earth's eqilatof. ' 

When viewed from the rfiiddle zone of the planet, in the 
absence of the Sun/The rings will appear like vast luminous 
arches, extending along the canopy of heaven, from the 
eastern to the western horizon, exceeding in breadth a hun- 
dred times the apparent diameter of our Moon.^ j 

Besides the rings, Saturn is attended by' seven Isatellites, ^ 
which revolve about him at different periods and distances, ' 
and reciprocally- reflect the Sun's rays on each other and 
on the planet. The rings and moons illuminate the nights 
of Saturn ; the moons and Saturn enlighten the rings, and 
the pknet and rings refleot the Sun's beams on the satel- 
lites. J 

; The /oMr /A* of these satellites (in the order of their distance) wAa first 
discovered by Huygens, on the 25lh of March, 1656, and, in lionour of the 
discoverer, was called the Hmgenian Satellite. This satellite, being the 
large.-$t of all, is seen without much difiiculty. Cassini discovered the 1st, 
2<1, 3d, and 5th satellites, between Octobcyr, 1671, and March, 1681. Dr. 
Herschel discovered the 6th and 7th in 1789.; These are nearer tu Saturn than 
any of the resr, though, to avoid c-onfusio%' they are named in the order of 
their discovery. 

The sixth and seventh are the smallest of the whole ; the 
first and second are the next smallest; the third is greater 
than the first and second ; the foucth is the largest of them 
aU ; and the fifth surpasses the rest in brfghtness. 

{.Their respective distances from their primary, vary from 
half the distance of our Moon, to two millions of miles. 
Their periodic revolutions vary from 1 day to 79 days.) 
\The orbits of the -six inner satellites, that is, the 1st, 2d, 3d;' 
4th, 6th, and 7th, all lie in the plane of Saturn's rings, and 
revolve around their outer edge; while the 5th satellite de- 
viates so far from the plane of the rings, as sometimes to be 
seen through the opening between them and the planet. 

Lap!ace imagines that the accumulation of matter at Saturn's equator re- 
tain.s the orbits of the fitst six satellites in the plane of the equator, in the 
same manner as it reiains the rings in that plane. It hai? been satisi'actorily 
ascertained, that Saturn has a greater accumulation of matter about his 

* This happen:), as we have already shoMm, when Satum is either in the SOth degree of 
Pisocfl, or thf aoUt degree of Virco. When he is l)etween tliese points, or in the '^^b ile> 
gree either of Gemini or of iSa«ittarius, his nag appears most open to us, and more in the 
form of au oval, whose longest diameter is to the sliortest as 9 to 4. 

In what lime does the ring complete its revolution on its axi.<), and, of course, around 
the pluriL't ? What is tiie rute per minute of its motion ? How rapid is this, compared 
with the motion of the Harth's e<inator ? What would be the appearance of the lings, if 
viewed foni tin; middle zone of the planet, in the aliaence of the Sun ? How many moons 
bos ."-'atum ? How are Satum, his nngs and satellites, severally, enlightened ? 1 Vhat are 
the datcit of their discovery, and the names of their discoverers ? What are their 
eomporative magnitudes, distances, and times of revolution 1 What is the position of 
tbeirorhits with respect to the rings of Satum? Wfiat does Laplace imagine retains 
the orbits if Saturn's first tix satellUuinthe plane qfhiseqiuUor? 
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equator, ud conaeqaently that he li more flattened at the poles, than Jupi- 
ter, though the velocity of the eqaatorial parts of the former is much lesa 
than that of the latter. This is suftciently accounted for by the fact, that 
I the ringt of Saturn lie in the plane of his equator, and act more powerfully 



upon thone parts of his surface than upon any other; and thus, while they 

aulindiminishlnjr the iravily- '*»---' ' '-• *' -' — •' '- 

flattening the poles of the pli 

his axis, the action of the rings would, of itself, have been sufficient to give 



in dlminishinfr the gravity of these parts, also aid tiic centrifugal force in 
f the planet. Inde« • - • - • • 



I flattening the poles of the planet. Indeed, had Saturn never revolved upon 

his axis, the action of the rings wou" ' ' - . . . 

I him the form of an oblate spheroid. 

The theory of the satellites of, Saturn is less perfect thau 
, that of the satellites of Jupiter. ^ The difficulty of observing 
their eclipses, and of measuring their elongations from their 
primary) have prevented astronomers from determining, 
with their usual precision, their mean distances and revo- 
lutions. 

We may remark, with the Christian Philosopher, that 
there is no planet in the solar system, whose firmament 
presents such a variety of splendid and magnificent objects 
a^ that of Saturn. 

^ The various aspects of the seven moons, one rising above 
the horizon, while another is setting, and a third approach- 
ing to the meridian ; one entering into an eclipse, and an- 
other emerging from one ; one appearing as a crescent, and 
another with a gibbous phase ; and sometimes the whole 
of them shining in the same hemisphere, in one bright as- 
semblage ! The majestic motion of the rings, — at one time 
illuminating the sky with their splendour, and eclipsing the 
stars ; at another, casting a deep shade over certain regions 
of the planet, and unveiling to view the wonders of the 
starry firmament, are scenes worthy of the majesty of the 
Divine Being to unfold, and of rational creatures to con- 
template. 

Such displays of Wisdom and Omnipotence, lead us to 
conclude that the numerous splendid objects connected with 
this planet, were not created merely to shed their lustre on 
naked rocks and barren sands; but that an immense popu- 
lation of intelligent beings is placed in those regions, to 
enjoy the bounty, and adore the goodness, of their great 
Creator. ^ 

The following table exhibits the apparent and m^an distances of the satellites 
from their primary, and the times of their periodical revolution. Their dis- 
tances in miles were computed from their observed micrometer distances ; 
the diameter of Saturn's equator being considered equal to 80^000 miles. 

Why are aitronoroere less acquainted with the mean distances and revolatioos of Sa- 
turn's satellites, than with those of Jupiter I Describe the fimuunent of Saturn, as iliii* 
nunated by bis tings and satoUtes. 
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Satel- 
Utea. 


Periodic 
revoltttion. 


Distance ia 
diameters. 


Distance in 
mUe& 


1 
2 
3 
4 
5 
6 
7 


Od. 22h. 38in. 
1 8 63 

1 21 18 

2 17 45 
4 12 25 

16 22 n 

79 7 55 


1.540 • 
1.976 
2447 
3.134 
4.377 
10.143 
29.577 


123,200 
158,080 
195,720 
250,720 
350.160 
811,400 
2,366.160 



HERSCHEL. 

(. Herschel is the mgst distant planet from the Sun that has 
yet been discovered.. To the naked eye, it appears like a 
star of only the 6th or 7th magnitude, and of a pale, bluish 
white a but it can seldom be seen, except in a very fine, 
olear night, and in the absence of the Moon. 
C As it moves over but one degree of its orbit in 85 days, 
it will be seven years in passing over one sign or constella- 
tion.'\ At present,* its i^ean right ascension i^332^°, and 
Its declination 15|° S. ;It is therefore in the tail of Capri- 
co^n;^Tlaking a small triangle with Deneh and Delta Algedu 
Wnen first seen by Dr. Herschel, in 1781, it was in the 
foot of Gemini ; so that it has not yet completed two thirds 
of a revolution since it was first discovered to be a planet. 

It is remarkable that this body was observed as far back as 1690. It was 
seen Ithree times by Flamstead, once by Bradley, once bv Mayer, and eleven 
timecfby LemonnierAvho registered it among the stars f but not one of them 
■aspected it to be a ^net. 

IThe inequalities in the motions of Jupiter and Saturn, 
wiiich eould not be accounted for from the mutual attrac- 
tions of these planets, led astronomers to suppose that there 
existed another planet beyond the orbit of Saturn, by whose 
action these irregularities were produced. " This conjecture 
was confirmed March 13th, 1781; when Dr. Herschel dis- 
covered the motions of this body, and thus proved it to be a 
planet. 

Herschel is attended by six moons or satellites, which 
revolve about him in different periods, and at various dis- 

* Beginning of the year 18S4. 

What ia the relative distance of the planet flonchel from the Sun 7 What is its ajipcar- 
ance to the naked eye ? In what circamstanoes can it be seen ? What is the rate of its 
motion in its oibit 7 What is its present position 7 What was its position wlien fiist dis- 
covered to be a planet 7 How mnch, then, of its revolution has been completed, since it 
was first discovered 7 At how early a dale waa this body observed in the heavens? 
Who obaervei it, btfwe it wa» discovered to be a planet ? How many timeg was 1$ 
seen by them, respectively 7 What did tftejf consider ft to be 7 What fed astronomers 
to suppose that there existed anotlwr planet beyond Saturn 7 Whoi and by whom was 
Hencbel discovered to be a planetl How many moons has it 7 

21 



tances. Four of them were discovered by Dr. Herschel, 
and two by his sister, Miss Caroline Herschel. It is possi- 
ble that others remain yet to be discovered. ' 

Herschel's mean distance from the Sun is 1828 millions of 
miles ;^ more than twice the mean distance 6f Saturn. His 
sidereal revolution is performed in 84 years and 1 month, 
and his motion in his orbit is J5j600 miles an hour. > He is 
supposed to have a rotation onliis axis, in common with the 
other planets ; but astronomers have not yet been able to 
obtain any occular proof of such a motion. 

His diameter is estimated at 34,000 miles ; which would 
make his volume more than 80 times larger than the Earth's. ' 
To his inhabitants, the Sun appears only the k-J-g^ part as large 
as he does to us ; and of course they receive from him 
only that small proportion of light and heat. It may be 
shown, however, that the T^Tfi2i''t of the Sunn's light ex- 
ceeds the illuminating power o^SOO full Moons. This add- 
ed to the light they must receive from their six satellites, 
will render their days and nights far from cheerless. 

Such was the celestial system with which our Earth was 
associated at its creation, distinct from the rest of the starry 
hosts. Whatever may be the comparative antiquity of our 
globe, and the myriads of radiant bodies which nightly gem 
the immense vault above us. it is most reasonable to conclude, 
that the Sun, Earth, and planets, differ little in the date or 
their origin. 

This fact, at least, seems to be philosophically certain, 
that all the bodies which compose our solar system must 
have been placed at one and the same time in that arrange- 
ment, and in those positions in which weoiow behold them ; 
because all maintain their present stations, and motions, and 
distances, by tkeir mutual action on each other. Neither 
could be where it is, nor move as it does, nor appear as 
we see it, unless they were all coexistent. The presence 
of each is essential to the system — the Sun to them, they 
to the Sun, and all to each other. This fact is a strong 
indication that their formation was simultaneous. *"^. 

By whom were Hencfael'a satellitea diacoveredi What is the distance of Heracbel'a 
orbit from the Sun 7 How much greater is this distance than that of Saturn? In what 
time i^his sidereal revolution performed ? What is the rate per hour of his motion, in hia 
orbit? Has he a rotation on his axis? What is his diameter estimated to be? How 
much larger would this make his volume than the Earth? How much less does the Sun 
appear to be to the inhabitants of Herechel, than he does to us 7 What degree of licht and 
heat do they rcctdve from him, compared with that received by the Earth ? To tBe light 
or bow many full moons is this degree of light equal 7 What reason have we to auppoao 
ttat the difiareat bodies of tba golor ayatem wen created at tbe same time} 
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COMETS 



Comets, whether viewed as ephemeral meteors, o| as 
substantial bodies, formiDg a part of the Solar system^ are 
objects of no ordinary interest.J 

When, with uninstructed gaze, we look upwards, to the 
clear sky of evening, and behold, among the multitudes of 
heavenly bodies, one, blazing with its long train of light, 
and rushing onward towards the centre of our system, we 
insensibly shrink back as if in the presence of a supernatu- 
ral being. 

But when, with the eye of astronomy, we follow it through 
its perihelion, and trace it far off, beyond the utmost verge 
of the solar system, till it is lost in the infinity of space, not 
to return for centuries, we are deeply impressed with a 
sence of that power which could create and set in mutioii 
such bodies. 
f Comets are distinguished from the other heavenly bodies, 
bv their appearance and motion. / The appearance of the 
uianets is globular, and their motion around the Sun is near- 
ly in the same plane, and from west to east ;( but the comets 
have a variety of forms, and their orbits are not confined to 
any particular part of the heavens ; nor do they observe any 
one general direction, j 

The orbits of the planets approach nearly to circles, 
while those of the comets are very elongated ellipses. A 
wire hoop, for example, will represent the orbit of a planet. 
If two opposite sides of the same hoop, be extended, so that 
is shall be long and narrow, it will then represent the orbit 
of a comet. The Sun is always in one of the foci of the 
comet's orbit. 

There is, however, a practical difficulty of a peculiar nature which em* 

barrasses the solution of the question as to the form of the coroetary orbits. 

It so happens that the only part of the course of a comet which can ever 

be visible, is a portion throughout which the ellipse, the parabola, and hy* 

perbola, so closely resemble each other, that no observations can be obtain- 

I ed with sufficient accuracy to enable us to distinguish them. In fact, tlie ob* 

I served path of any comet, while visible, may belong either to an ellipse, pa- 

I rabola, or hyperbola. 

' That part which is usually brighter, or more opaque, 
than the other portions of the comet, is called the nucleus. 
This is surrounded by an envelope, which has a cloudy, or 
hairy appearance. These two parts constitute the body, 
and, in many instances, the whole of the comet. 



What feelinn does the contemplation of comets nitftoally excite/ How are oometa 
distintnuBfaed from the other heavenly bodies 7 Describe their anpeanmce ai 

Ofwfaattt ^ " .. ^ ^ ^ s. .^. 

MvtraUy. 



dbtintnuBfaed from the other heavenly bodies 7 Describe their anpearajice and motion, 
or what tbne ports may ounets be cooiidieced to be oomposed } Describe these parti 
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Most of them^owever, are attended by a long train, 
called the tail / /though some are without this appendage, 
and as seen by the naked eye, are not easily distinguished 
from the planets. Others, again, have no apparent nucleus, 
and seem to be only globular masses of vapour, j 

Nothing is known with certainty of the cooiposition of 
these bodies. The envelope appears to be nothing more 
than vapour, becoming more lummous and transparenfwhen 
approaching the Sun. As the comets pass between us and 
the fixed stars, their envelopes and tails are so thin, that 
stars of very small magnitudes may be seen through them. 
Some comets, having no nucleus, are transpaxent throughout 
their whole'extent. 

The nucleus of a comet sometimes appears opaque, and it 
then resembles a planet. Astronomers, however, are not 
agreed upon this point. Some affirm that the nucleus is 
always transparent, and that comets are in fact nothing 
but a mass cf vapour, or less condensed at the centre. 
By others it is maintained that the nucleus is sometimes 
solid and opaque. It seems probable, however, that there 
are 'three classes of comets; viz. : 1st. Those which have 
no nucleus, being transparent throughout their whole ex- 
tent ; 2d. Those whicn nave a transparent nucleus ; and, 
3d. Those having a nucleus which is solid and opaque. ) 

A comet, when at a distance from the Sun, vie'^ed 
through a good telescope, has the appearance of a dense 
vapour surrounding the nucleus, and sometimes flowing far 
into the regions of space. As it approaches the Sun, its 
light becomes more bniiiant, till it reaches its perihelion, 
when its light is more dazzling than that of any other celes- 
tial body, the Sun excepted. In this part ot its orbit are 
seen to the best advantage the phenomena of this wonderful 
body, which has, from remote antiquity, been the spectre 
of alarm and terrour. 

The luminous train of a comet usually follows it, as it. 
approaches the Sun, and goes before it, when the comet 
recedes from the Sun ; sometimes the tail is considerably 
curved towards the region to which the comet is tending, 
and in some instances, it has been observed to form a right 
angle with a line drawn from the Sun through the centre 
of the comet. The tail of the comet of 1744, formed near- 
ly a quarter of a circle ; that of 1689 was curved like a 

Have all comets these three partaf What apparent differences maybe peroeivod in 
the composition oT different comets } Into what classes, with reference to their compoai- 
Uon, may comets be divided 7 describe the different appearanoea of comets at difiereot 
distances from the Sun. In wHIt part of their orbit are their phenomena seen to the beat 
7 WlM€is usuaNy the direation of the lununooa train ? w^faat waa the daeo> 
tail of thecomatof 1744? Of that of 168V1 
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Turkish sabre. Sometimes the same comet has several- 
tails. That of 1744 had, at one time, no less than six^ 
which appeared and disappeared in a few days. The 
comet of 1823 had, for several days, two tails ; one ex- 
tending towards the Sun, and the other in the opposite 
direction. 

Comets, in passing among and near the planets, are 
materially drawn aside from their courses, and in some 
cases have their orbits entirely changed. This is remarka- 
bly true in regard to Jupiter, which seems by some strange 
fatality to be constantly in their way, and to serve as a per- 
petual stumbling block to them. 

" The remarkable comet of 177CL which was foimd by Lexell <o revolve In 
a moderate ellipse, in a period or about five years, actually got entangled 
among the satellites of Jupiter, and thrown out uf its orbit by I ho attrac< 
tioos of that planet," and has not been heard of since.— ^erscAe/, p. 310. 
By this extraordinary rencontre, the motions of Jupiter's satellites suffer- 
ed not the least perceptible derangement ;— a sufficient proof of the aeriform 
nature of the comet's mass. 

It is clear from observation that comets contain very 
little matter. For they produce little or no effect on the 
motion of the planets when passing near those bodies ; it is 
said that a comet, in 1454, eclipsed the moon ; so that it 
must have been very near the Earth ; yet no sensible effect 
was observed to be produced by this cause, upon the mo- 
tion of the Earth or the Moon. 

The observations of philosophers upon comets, have as 
yet detected nothing of their nature. Tycho Brahe and 
Appian supposed their tails to be produced by the rays of 
the Sun, transmitted through the nucleus, which they sup- 
posed to be transparent, and to operate as a lens. Kepler 
thought they were occasioned by the atmosphere of the 
comet, driven off by the impulse of the Sun's rays. This 
opinion, with some modification, was also maintained by 
Euler. Sir Isaac Newton conjectured, that they were a 
thin vapour, rising from the heated nucleus, as smoke as- 
cends from the Earth ; while Dr. Hamilton supposed them 
to be streams of electricity. 

"That the luminous part of a comet," says Sir John Hcrschel, "is some* 
thing in the nature of a smoke, fog, or cloud, suspended in a transparent 
atmosphere, is evident from a fact which has been often noticed, viz. that 

How many tails had the comet of 1744 at one time, and how |onflr did they oontinae to 
appear 1 How many had that of 1883, and what was their direction 7 When comets pup 
near planets, how does the attraction of the planets aflect them ? fn regard to what pla- 
net is this remaricably tnie? Mention an example of eimute being so affected. ^VIuU 
fact crmneeted with this case proves the aeriform nature qf the comet^e maa$ 1 How 
IS it clear IVom observation that comets contain veir little matter 7 What were the nia- 
nions of Tycho Brahe, Appian, Kepler, Euler, Sir laaac Newton, and Dr. Hwnilton, m 
renfd to the tails of comets? What UHu the opinion (if Sir John Herecheif and on 
what founded ? 

21* 
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the portion of the tail where it comee up to, aod sorroanda the head, la yet 
separated from it by ao interval less himinoua ; as we often see one layer 
of clouds laid over another with a considerable clear space between thein." 
And again— ^* It follows that these can only be refirarded as f^reat masses of 
thin vapour, susceptible of being penetrated through their whole substance 
by the sunbeams." 

Comets have always been considered by the ignorant and 
superstitious, as the narbin^ers of war, pestilence, and fam- 
ine. Nor has this 6pinion Deen, even to this day, confined 
to the unlearned. It was once universal. And when we 
examine the dimensions and appearances of some of these 
bodies, we cease to wonder that they produced universal 
alarm. 

According to the testimony of the early writers, a comet 
which could be seen in day light with the naked eye, made 
its appearance 43 years before the birth of our Saviour. 
This date was jlist after the death of Casar, and by the Ro- 
mans, the comet was believed to be his metamorphosed 
soul, armed with fire and vengeance. This comet is again 
mentioned as appearing in 1106, and then resembling the 
Sun in brightness, being of a great size, and having an im- 
mense tail. 

In the year 1402, a comet was seen, so brilliant as to be 
discerned at noon-day. 

In 1456 a large comet made its appearance. It spread 
a wider terrour than was ever known before. The be- 
lief was very general, among all classes, that the comet 
would destroy the Earth, and that the Day of Judgment was 
at hand ! 

This comet appeared again in the years 1531, 1607, 1682, 1758, and is now 
approaching the Sun with accelerated velocity. It will pass its perihelion in 
November, 1835, and every 75^ years thereafter. We now [October, 1835,] see 
this self same comet, so often expelled the Church of Rome, returning to re- 
assert his claim to a fellowship with the solar family. 

At the time of the appearance of this comet, the Turks 
extended their victorious arms across the Hellespont, and 
seemed destined to overrun all Europe. This added not a 
little to the general gloom. Under all these impressions, 
the people seemed totally regardless of the present, and 
anxious only for the future. The Romish Church held at 
this time unbounded sway over the lives, and fortunes, and 
consciences of men. To prepare the world for its expected 
doom, Pope Calixtus III. ordered the Ave Maria to be' re- 
peated three times a day, instead of twQ. He ordered the 
church bells to be rung at noon, which was the origin of 

• How have comets been regarded by the ignorant and superetitious ? Mention some of 
the most remarkable comets which hay* appeared. Describe them severally, and relate 
m what manner they vr«m aeverelly regarded 7 WHuU U the periodic time tfflhU 
comet? 



that practice, so universal in Christian churches. To the 
Ave Maria, the prayer was added — "Lord, save us from 
the Devil, the Turk, and the Comet :" and once, each day, 
these three obnoxious personages suffered a regular ezcom* 
munication. I 

The pope and clergy, exhibiting such fear, it is not a | 
matter of wonder that it becamC'the ruling passion of the I 
multitude. The churches and convents were crowded for ' 
confession of sins ; and treasures uncounted were poured ' 
into the Apostolic chamber. 

The comet, after suffering some months of daily cursinff 
and excommunication, began to show signs of retreat, and 
soon disappeared from those eyes in which it found no fa- 
vour. Joy and tranquillity soon returned to the faithful sub- 
jects of the pope, but not so their money and lands. 
The people, however, became satisfied that their lives, and 
the safety of the world, had been cheaply purchased. The 
pope, who had achieved so signal a victory oven the mon- 
ster of the sky, had checked the progress of the Turk, and 
kept, for the present, his Satanic majesty at a safe distance ; 
while the Church ot Rome, retaining her unbounded wealth, 
was enabled to continue that influence over her followers, 
which she retains, in part, to this day. 

The comet of 1680 would have been still more alarm- 
ing than that of 1456, had not science robbed it of its ter- 
rours, and history pointed to the signal failure of its prede- 
cessor. This comet was of the largest size, and had a 
tail whose enormous length was more than ninety-six mU- 
liona of miles. 

At its greatest distance, it is 13,000 millions of miles 
from the Sun ; and at its nearest approach, only 574,000 miles 
from his centre ;* or about 130,000 miles from his surface. 
In that part of its orbit which is nearest the Sun, it flies 

* Tn Brewster's edition of Fergason, this distance is stated as only 49,000 miles. TUi 
is evidently a mistake ; for if the comet approached the Sun's centre within 49,000 miies^ 
it would penetrate 300,000 miles below the sur&oe I Taking Ferguson's own «fementa i 
for computing the perihelion distance, the result will be 494,460 miles. The mistake may | 
be accountea for by supposing that the cipher had been omitted in the copy, and the ^iio€ 
pointed ofTone figure farther to the left Yet, with this alteration, it would still be incor- 
rect ; because the Earth's mean distance from the Sun, which is the integer of this calcu- 
lation, is assumed at 83,000,000 of miles. The ratio «f the comet's perihelion distance 
from the Bun, to the Earth's mean distance, as givenby M. P'mgrf, is as 0.00603 to I. Thii 
multiplied into 95,373,869, gives 674,500 miles for tfa&*lBnnet's perihelion distance from the 
Sun's centre; from which, if we substract his semi-diameter. 443,840 miles, we shall have 
130,660 miles, the distance of the comet fiom the surface of the Sun. 

Acain, if we divide the Earth's mean distance from the Sun, by the comet's peribeliMi 
distance, we shall find that the latter is only the l-l66th part of the Earth's distance. Now 
the square of 166 is 37,556 ; and this expresses the number of times that the Sun appe«>n 
targer to the comet, m the above situatioa, than it does to the Earth. Sauuut maxee ft 
91,606 times larger. 

. According to Newton, the velocity is 880,000 mleeperha» Hon neent disooveiiat 
indicate a vek»aty of i,MO,i08 milea per hour. 
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with the amazing swiftness of 1,000,000 miles in an hoar, 
and the San, as seen from it, appears 27,000 times larger than 
it appears to us ; consequently, it is then exposed to a heat 
27,000 times greater than the solar heat at the Earth. This 
intensity of heat exceeds, several thousand times, that of 
red-hot iron, and indeed all the degrees of heat that we are 
able to produce. A simple mass of vapour, exposed to a 
thousandth part of such a heat, would be at once dissipated 
in space — a pretty strong indication that, however volatile 
are the elements of which comets are composed, they are, 
nevertheless, capable of enduring an inconceivable intensity 
of both heat and cold. 

This is the comet which, according to the reveries of 
Dr. Whiston and others, deluged the world in the time of 
Noah. Whiston was the friend and successor of Newton : 
but, anxious to know more than is revealed, he passed the 
bounds of sober philosophy, and presumed not only to fix 
the residence of the damned, but also the nature of their 
punishment. According to his theorv, a comet was the 
awful prison-house in which, as it wheeled from the remotest 
regions of darkness and cold into the very vicinity of the 
Sun, hurrying its wretched tenants to the extremes of per- 
ishing cold and devourins^ fire, the Almighty was to dispense 
the severities of his justice. 

Such theories may be ingenious, but they have no basis 
of facts to rest upon. They more properly belong to the 
chimeras of Astrology, than to the science of Astronomy. 

When we are told by philosophers of great caption and 
high reputation, that the fiery tram of the comet, just allud- 
ed to, extended from the horizon to the zenith; and that 
that of 1744 had, at one time, six tails, each 6,000,000 of 
miles loDg, and that another, which appeared soon after, 
had one 4^0,000,000 of miles long, and when we consider 
also the inconceivable velocity with which they speed their 
flight through the solar system, we may cease to wonder if, 
i^n the darker ages, they have been regarded as evil omens. 

But these idle phantasies are not peculiar to any age or 
countrv. Even in our own times, the beautiful comet of 
1811, the most splendid one of mode^ times, was generally 
considered among the superstitious^ as the dread harbinger 

What is the degree of heat to which the comet of 1680 is expoied, ivhen in its peribeUon. 
compared to that experienced at the Earth ) What ia the intenaity of such a degree or 
heat, compared with that of red-hot iron, or with any degree of beat which we are able to 
produce } What inference may be derived from this lact in leiiard to tiie compoaition of 
cometal What were the reveriea of Dr. Whiston and others in regard to this comet f 
What &cts ought to make us cease to wonder that comets were in darker ages consider' 
ed as harbingers of evil? Have these phantasies, however, been confined to the daifcer 
fiot'f Ofwhat event waa the oomet of 1811 oooaidered, in our ooantijr, to be the has - 
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of the war which was decjiared in the following spring. It 
is well known that an indefinite apprehension of a ihore 
dreadful catastrophe lately pervaded both continents, in an- 
ticipation of Biota's comet of 1832. : 
/The nucleus of the comet of 1811, according to obsefya^ | 
irons made near Boston, was 2^617 miles in diameter^ cor- • 
responding nearly to the size of the Moon. The brilliancy 
with which it shone, was equal to one tenth of that of the ' 
Moon. The envelope, or aeriform covering, surrounding ' 
the nucleus, was 24,000 mi^es thick, about five hundred ' 
times as thick as the atmosphere which encircles the Earth; 
making the diameter of the comet, including its envelope, 
50,617 miles. It had a very luminous tail^ whose greatest 
length was one hundred million of miles. . 

Vrbis comet moved, in Us perihelion, with an almost in honceivable velocity— 
fifteen handred times ^cater than that of a ball bursting from the mouth of & 
cannon. According to Regiomontanus, the comet of 1472 moved over an arc 
of 120° In one day. Brydone observed a comet at Palermo in 1770, which pass* 
ed tlirough 5(P of a great circle in the heavens in 24 hours. Another comet, 
which appeared in 1759, passed over 41 <^ in the same time, i The conjecture ot 
Dr. Halley therefore seema highly probable, that if a body of such a size^ 
having any considerable density, and moving with such a velocity, were to 
strilce our Eartii) it would instantly reduce it to chaos, mingling its elementa 
in ruin.N j 

The tiuislent effect of a comet passing near the. Earth, could scarcely 
amount to any great convulsion, says Dr. Brewster:' but if the Eaith were 
actuallv to receive a shock from one of these bodies, the consequeocet 
would be awful.\ A new direction would be given to its rotary motion, and 
it would revolver around a new axis. The seas, forsalcing their beds, would 
be hurried, by their centrifugal force, to the new equatorial regions : islands 
and continents, the abodes of men and animals, would be covered by the 
universal rush of the waters to the new equator, and every vestige of ha- 
man industry and genius would be at once destroyed. 

The chances against such an event, however, are so very- 
numerous, that there is no reason to dread its occurrence. 
The French government, not long since, called the atten- 
tion of some of her ablest mathematicians and astronomers 
to the solution of this problem ; that is, to determine^ upon 
mathematical principles, how many chances of collision the 
Earth was exposed to. After a mature examination, they re- 
ported,— t* We have found that, of 281,000,000 of chances, 
there is only one unfavourable, A-there exists but one which 
cap produce a collision between the two bodies." 

T Admitting, then," say they, " for a moment, that the comets which niay 
ttrike the Earth with their nucleuses, would annihilate the whole human 
race; the danger of death to each individual, resulting from the ap- , 

*De»cnbe this comet Give some auimplet qf the vdnelty of domett. What wouU 
probab'y be the effect upon the Earth, should a comet strike it 7 What do»« Dr. Breiih 
atereay would be the ^ect of a comet pasaing near the Earth? But if the Earth 
were acfjaUyto receive a shock from a comet, what does he toy would be the reaul'a t 
How did the French mathematiciana and aatronomen find the cmmces of a collision be* 
tween the Earth and comets to stand 1 What, then, on the supposition that a ^roke qf 
a comet would annthUate the whole human raUt is the danger qfdeaUi to iOCA iMp 
dividual, retuUtnfffrmn the appeannee of on vaOsnavm comet f 
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patnaee otva unknown eomet, would 6e exactly equal to the riak he would 
ran, if to an urn there was only one oingle white oall among a total num* 
ber of 281,000,000 balla, and that bis condemnation to death would be the 
Inevkable consequence of the white ball being produced at the first draw* 
ingj 

We have before stated that comets, unlike the planets, 
observe do one direction in their orbits, but approach to, and 
' recede from their great centre of attraction, in every possi- 
ble direction. Nothing can be more sublime, or better 
i calculated to fill tbe mind with profound astonishment, than 
' to contemplate the revolution of comets, while in that part 
of their orbits which comes within the sphere of the tele- 
scope. Some seem to come up from the immeasurable 
depths below the ecliptic, and, having doubled the heavens' 
mighty cape, again plunge downward with their fiery trains, 
" On the long travel of a thousand years." 
Others appear to come down from the zenith of the uni- 
Terse to double their perihelion about the Sun, and then re- 
ascend far above all human vision. 

Others are dashing through the solar system in all possi- 
ble directions, and apparently without any undisturbed or 
undisturbing path prescribed by him who guides and sus- 
tains them all. * 

' Until within a few years, it was universally believed that 
the periods of their revolutions must necessarily be of prodi- 
gious lengtbj; but within a few years/ two comets have 
oeen discovered, whose revolutions are performed, compa- 
rativelv, within our own neighbourhoo^To distinguish them 
from the more remote, they are denommated the comets of 
a 8h<frt pcrtod.. \The first was discovered in the constella- 
tion .Aquarius, by two French astronomers, in fhe year 
1786. The same comet was again observed by Miss Caro- 
line Herschel, in the constellation Cygnus, m 1795, and 
again in 1805. • In 1818, Professor Encke determined the 
dimensions of its orbit, and the period of its sidereal revolu- 
tion ; for which reason it has been called " Encke^s Camet.^^ 
- This comet performs its revolution around the Sun in abotft 
\ 3 years and 4 months,*/n an elliptical orbit which lies wholly 
Tuthin the orbit of Jubiter') Its mean distance from the Sun 
i!^212 millions of mil es | the eccentricity of its orbit is|179 

* Owing to the distuibipg influences of the lurrounding planets, tbe periodic return of 
chu eproet, hhe that of all others, is Uable to be hastened or retaided several days. Ita 
penod vanes fiom about 12U3 to 1313 days. 

What is the direction of comets in their orbits 7 What has been, until within a few 
Teen, the universal opinion in rceard to the length of the times of their revolution ? Why 
does not the same opmion prevail now ? What are these two comets denominated? Re- 
late tiie history of the discovery of tbe first Why is it called Encke's cfjmet 1 Wliat ia 
the time of the revolutjon of Encke's comet 7 What is tfao form of its orbit, and what ita 



millions of miles;) consequently it is|358 millions of miles ^ 

nearer the Sun iir its perihelioD, thaA it is in it|i aphelion. 

It was visible throughout the United States in {L825, when 

it presented'a fine appearance. It was also observed at its 

next return in 1828; but its last return to its perihelion, on 

the 6th of May, 1832Jwas invisible in the United States, 

/on account of its great southern declination. ^ 

} The second "Comet of a short period,'*' was observed 

I in 1772; and was seen again in 1805. It was not until 

' its re-appearance in 1826, that astronomers were able to 

determine the elements of its orbit, and the exact period of 

its revolution."^ This was successfully accomplished by M. 

Biela of Josejihstadt ; heuce it is called Biela^s Comet 

According to observations made upon it in 1805, by thecele- 

fbrated Dr. Olbers, its diameter, including its envelope, is 
42,280 mij^s. It is a curious fact, that the path of Bie- 
la's comet^i passes verv near to that of the Earth ; so near, 
that at th<^ moment tne centre of the comet is at the point 
nearest to the Earth's path, the matter of the comet extends 
beyond that path, and includes a portion within it.] Thus, if 
the Earth were at that point of its orbit which is*nearest to 
the path of the comet, at the same moment that the comet 
should be at that point of its orbit which is nearest to the 
path of the Earth, the Earth would be enveloped in the ne* 
oulous atmosphere of the comet. 

With respect to the effect which migl^ be produced upon 
our atmosphere by such a circumstance^ it is impossible to 
offer any thing but the most vague conjecture. . Sir John 
Herschel was able to distinguish stars as minute as the 16th 
or 17th magnitude through the body of the comet .') Hence it 
seems reasonable to infer, that the nebulous mattef of which 
it is composed, must be infinitely more attenuated than our 
atmosphere ; so that for every particle of cometary matter 
which we should inhale, we should inspire millions of par- 
ticles of atmospheric air. , 

This is the comet which was to come into collision with 
the Earth, and to blot it out from the Solar System. In re- 
turning to its perihelion, November 26lh, 1832, it was com- 
puted that it would cross the Earth's orbit at a distance of 

> ! f " " - 

How much nearer the Sun, then, is the comet, when in its perihdion than when in iti 
aphelion 1 In what years has this comet been seen in the United States 1 Why was it 
not visible in the United States at the time of its retam Jfiisse Z Relate the history of the 
dbcoveryofthe second comet ofa short period 7 WhyMftrntUedBiela's comet} What, 
■ccoidtnff to the observations of Dr. Olhers in 1805, was the muneter of Biela's comet, in- 
cluf ling thu envelope 7 How near does the path of Bieia's comet lie to that of the £arth f 
What would be the eilect upon our atmosplicre should the nebulous atmosphere of the 
eomet envelope it 7 What reason have we to suppose that it is more attenuated tfaaa pur 
atmosphere 7 It was predicted that tfab comet would come mto ouluion wiUi the 
Earth; what were the ground* of probobaity that such an event would takeplwM.ftnd 
wbydiditnot? 
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only 18,500 miles, ^t is evident that if the Earth had been 
in that part of her mbit at the same time with the comet, 
our atmosphere would have mingled with the atmosphere of 
the comet, and the two bodies, perhaps, have come in contact. 
But the comet passed the Earth's oroit on the 29th of Oc- 
tober, in the 8th degree of Sagittarius, and the Earth did 
not arrive at that point mi til the 30th of November, which 
was 32 days afterwards. ^ 

If we multiply the number of hours in 32 days, by 68,000 
(the velocity of the Eajrth per hour,) we shall find that 
the Earth was more than 52,000,000 miles behind the comet 
when it crossed her orbit.', f Its nearest approach to the 
Earth, at any time, was abotit 51 millions of miles^ its near- 
est approach to the Sun, was about 83 millions of xniles. Its 
mean distance from the Sun, qr half the longest a;|is of its 
orbit, is •'^37 millions of miles. .Its eccentricity is/253 mil- 
lions of^ miles ;]consequently, "ft is |507 millions of miles ] 
nearer the Sun^n its perihelion than jt is in its aphelion. J 
The period of its sidereal revolution is 2,460 days, or about 
6f years. ^ ^ » 

AIthou£)»^the cometn of Encke and Biela are objects of very great inter* 
eat, yet tneir short periods, the limited space within which their motion is 
circumscribed, and oonsequently the very slicht disturbance which they 
■ustain from the attraction of the planets, render them of less interest to 
physical astronomy than those of longer periods. 

They do not, like them, rush from the invisible and inaccessible dcptht 
of space, and, after sweeping our system, depart to distances with the con- 
ception of which the Imagination itself is confounded. They i)osses8 none 
of that grandeur which is connected with whatever appears to brealc 
through the fixed order of the universe.* It is reserved for the comet of 
Halley alone to afford the prouilest triumph to those powers of calculation 
by which we are enabled to follow it in the depths of space, two thousand 
millions of miles beyond the extreme Vei^e of the solar system ; and, not* 
withstanding disturbances which render each succeeding period of its return 
different from the last, to foretel that return with precision. 

The following representation of the entire orbit of Biela's 
cromet, was obtained from the Astronomer Royal of the 
Greenwich Observatory. It shows not only the space and 
position it occupies in the solar system, but the points where 
Its orbit intersects all the planetary orbits through which it 
passes. By this, it is seen that its perihelion lies between 
the orbits of the Earth and Venus, while its aphelion extends 
a little beyond that of Jupiter. 

What was its nearest approach to the Earth at any time 7 What its nearest approach 
to the Sun 7 What its mean distance from the 8uo 7 "What its eccentricity 7 What, 
then, is the difierence between its peiibelion and aphelion distances 7 What is the period 
of its sidereal revolution 7 Wlm are the cometa of Encke and Biela oMect* qf lege in te- 
rcet to phyeical aetronomy inan thoee ofUmgv periode 7 What is the situation of the 
Qibit ot Biela's comet in the Bolv system 7 
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This diagram not only exhibits the course of the cpmet 
at its last retani, but also denotes its future positions on the 
first day of every year during its next revolution. It is also 
apparent that it will return to its perihelion again, in the 
autumn of 1839, but not so immediately in our vicinity as 
to be the proper cause of alarm. To be able to predict the 
very day and circumstances of the return of such a bodi- 
less and eccentric wanderer, after the lapse of so many 
yearsj evinces a perfection of the astronomical calculus that " 
may justly challenge our admiration. 

"The re-appearaDce of this comet," says Herschel, 
." whose return in 1832 was made the subject of elaborate 
calculations by mathematicians of the first eminence, did 
not disappoint the expectation of astronomers. It is hardly 
possible to imagine any thing more striking than the ap- 
pearance, after the lapse of nearly seven years, of such an 
all but imperceptible cloud or wisp of vapour, trtte, however, 
to its predicted time arid place, and obeying laws like those 
which regulate the planets." 

Herschel, whose Observatory is at Slough, England, observed the daily 
progress of this comet from the 24th of September, until its Uhtappearancej 
compared Us actual position from day to day with its calculated position. 



end found them to agree/withia four or five uunutes of time in right ascen< 

* — '^' itifeu - ' ' • " -^ •• ' 

' ' re wnicn the intnor pr#| 

. ., as true to within a less space 

projected diameter. Lilie some others that have been obsenred^^his comet 



aion, and within 9. few Hconde of declination A Its position, then, as repre- 
Bented on a planisphere which the inthor pri^ared for his pupils, and af- 
terwards publishea, was true to within a less space than one Aird of its 



has no luminous train by which it can be easily recognized by the«iaked eye, 
except when it is very near the Sun. This is the reason why it was not more 
generally observed at its late return, j 

Altliouffh this comet is usually dernminated " Biela's comet," yet it seems 
that M. Gambart, director of tlie Observatory at Marseilles, is equally en- 
titled to the honour of identifying it with the comet of 1772, and of 1805. 1 
Ho discovered it only 10 days after Biela, and immediately set about calcu-' 
lating its elements from his own observations, wiiich are thought to equal, 
if they do not surpass, in point of accuracy, those of every other a£>- 
tronomer. 

Up to the beginning of the 17th century, no correct no- 
,tions had been entertained in respect to the paths of comets. 
I 'Kepler's first conjecture was that they moved in straight 
I lines; but as that did not agree with observation, be next 
j concluded that they were parabolic curves, having the Sun 
, near the vertex, and running indefinitely into the regions of 
\ space at both extremities.* There was nothing in the ob- 
servations of the earlier astronomers to fix their identity, or 
' to lead him to suspect that any one of them had ever been 
seen before ; much less that they formed a part of the solar 

When will this oomet retain again ? How much did Ua actual poaition from day to 
day, 09 observed by Heischel, differ from its calculated poaition 1 UTiy was it not 
more generaily observed at its late return 7 What astronomer besides Biela id^nti- 
JUd it with ttHe comet of vn% and 1805 7 What w we the opiniona of aatronomen in re> 
card to the paths of comets, up to the beginning of the 17th century ) What were Kepler's 
CipiQioai on this subject } 
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system, revolving about tae Sun in elliptical orbits that re- 
turned into themselves. 

This grand discovery was reserved for one of the most 
industrious and sagacious astronomers that ever lived — this 
was 'Dr. Halley, the contemporary and friend of Newtom 
Wh^n the comet of 1682 made its appearance, he set hinl- 
self about observing it with great care, and found there was 
a wonderful resemblance between it and three other comets 
that he found recorded, the comets of 1456, of 1531, and 
1607. . The times of their appearance had been nearly at 
equal and regular intervals ; their perihelion distances were 
nearly the same ; and he finally proved them to be one and 
the same comet, performing its circuit around the Sun in a 
period varying a little from 76 years. This is therefore 
called Halley^s comet. It is the very same comet that filled 
the eastern world with so much consternation in 1456, and 
became an object of such abhorrence to the church of 
Rome. J 

Of an the cbmets which have been observed since the 
Christian era,tonly three -have had their elements so well 
determined tha^ astronomers are able to ^n the period of 
their revolution, and to predict the tim^ and circumstance* 
of their appearance. These ^ree are,, Encke's, whose last 
revolution about the Sun was perfoAned in 1212 days; 
Biela's, whose period was 2461 days j andHalley's, which is ^ 
. now accomplishing its broad circuit in about 28,000 days. ' 
[ Encke's and Halley's will return to their perihelion the^ 
present year (1835), and Biela's in 1839. 

} Halle^'s comet, true to its predicted time and place, is now (Oct. 1835,) 
visible in the evening sky. But we beliold none of tliose phenomena which 
threw our ancestors of the middle ages into agonies of superstitious terrour. 
We see not the comeia horrendcb magnitudinis, as it appeared in 1305, nor 
that tail of enormous length whicl), in 1456, extended over two thirds of 
the interval between the horizon and the zenith, nor even a star as brilliant 

Cwas the same comet in 1682, with its tail of 30^. 
Its mean distance from the Sun is 1,713,700,000 miles; the eccentricity of 
I orbit is 1,659,000,000 miles ; consequently it is aS 1 6,000,000 miles far- 
ther from the i<!un in its aphelion than it is in its perihelion A In the latter 
case, its distance from him is only 56,700,000 miles ; but in th# former, it is 
3,371,700.000 miles Therefore, though its aphelion distance be great, its 
ipean distance is less than that of Uerschel ; and great as is the aphelion 
distance, it is but a very small fraction less than one five-thnusandth part of 
that distance from the Sun, beyond which the very nearest of the fixed 
stars must be situated; and, as the determination of their distanc* is liega* 

"Who first discovered the identity of comets ? Relate the manner by which be came to 
this discovery. How many of ail the comets observed since the Chnslian era, have had 
thf if elements so well detemiined, that astronomers are able to fix the period of their re- 
volutions, and to predict the time and circumstances of their api)earance 7 ^Vhat cumots 
are these? In what time do they accomplish their revolutions? When will tbpy, seve- 
DBilly, return to their perihelion ? What comet is noio {Oct. 1835) visibie? What are 
the mean, and the aphelion and periheltott distancee of Hatiej/'t comet from the Sun f 
What part of the distance beyond which the nearut V the fixed stun must be pla^ 
ced, it U9 aphelion distance ? 



/^ LAW OF UNITfiBSAL ORATITATlOir. 

ttw and not podtive, the nearest of tlMn may be at twice or ten times that 
diatance. 

The namber 9f emmets which have been obserred since the Christian 
era, amounts to UQO Scarcely a year has passed without the observation 
of one or two. XaA since multitudes of them must escape obsenratioA^by 
reason of their traversing that part of the heavens which ie above the nori- . 
son in the day time, .tlieir wnole number is probably many thousands. 
Oomets BO circumstanced, cm only become visible by the rare coincidence 
of a total eclipse of the Sunm coincidence which happened, as related by 
Beneca, 60 years before Christ, when a large comet was actually observed 
J Tory near the Son. . 

But in Arago neasons in the following manner, with respect to the num- 
I ber of comets :-^The number of ascertained comets, wluch, at their least 
I distances, pass within the orbit of Mercury, is thirty. Assuming tliat tiie 
comets are uniformly distributed throughout the solar system, there will 
be 117,649 times as many comets included within the oibit of Herschel, as 
there are within the orbit of Mercury. But as there are 30 withiiLthe orbit 
of Mercury, there must be 3,689,470 within the orbit of Herschel ! J 

Of 97 comets whose elements have been calculated by astroifomersi 24 
passed between the Sun and the orbit of Mercury ; 33 between the orbits of 
Mercury and Venus: 21 between the dk^lts of Venus and the Earthy 16 
between the orbits of Ceres and Jupiter. «¥'orty*nine of these comets move 
from east to west, and 48 in the opposite dR-ection.j 

The total number of distinct comets, whose paths during the visible part of 
their course had been ascertained, up to the year 183S^ wasx>ne hundred and 
thirtyseven. ^ 

What regions these bodies visit, when they pass beyond 
the limits of our view $ upon what errands they come, when 
thev again revisit the central parts of our system; what 
if the difference between their physical constitution and that 
of the Sun and planets ; and what important ends they are 
destined to accomplish, in the economy of the universe, are 
inquiries which naturally arise in the mind, but which sur* 
pass the limited powers of the human understanding at pre- 
sent to determine. 



CHAPTER XX. 



OP THE FORCES BY WHICH THE PLANETS ARE 
RETAINED IN THEIR. ORBITS. 

Havinff described the real and apparent motions of the 

bodies which compose the solar system, it may be interest- 

! ing next to show, that these motions, however varied or com- 

Elex ihey may seem, all result from one simple principle, or 
iw, namely, the 

WTuU i» t?u number cfcomett which hat been o^urved Hnee the Christian era 7 
! JVTnf mvat anme qf them escape observtUion 7 How great is probably their actual 
, number? In what mse alone can cometa which traverse the horizon in the day 
time become vieibteT Mention an instance qf a comet thus becoming visible? 
What is the reasoning; qfM. Arago in regard to the number qf comets ? Describe 
the track among the orbits qfthe planets, qfthe 97 comets whose elements have been 
calculated by astronomers. In what direction do they move 1 What, up to the pear 
18SS, was the whole number of distinct c&mets, whose path^ during the visible part 
^f their course, has been determined 7 By what prioeiidei or law. axe the planets «»• 
isinedintbeiroibitB} 
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i LAW OP UNIVERSAL GRAVITATION. > 

It is said, that/%ir Isaac Newton, when he was drawing 
to a close the dAnonstration of the great truth, that gravity- 
is the cause which keeps the heavenly bodies in their orbits, ! 
was so much agitated with the magnitude and importance oc | 
the discovery he^was about to make, that he was unable to 
proceed, and desired a friend to finish what the intensity of ; 
iis feelings did not allow him to do^jBy gravitation is meant. ' 
/tnat universal law of attraction, by which every particle of' • 
matter in the system has a tendency to every other particle J' 

This attraction, or tendency of bodies towards eacn other, 
is in proportion* to the quantity of matter they contain. .The 
Earth, being immensely large in comparison with all other 
substances in its vicinity, destroys the effect of this attrac-, 
tion between smaller bodies, by bringing them all to itself. ) 

The attraction of gravitation is reciprocal. All bodies not ' 
only attract other bodies, but are themselves attracted, and 
/1)oth according to their respective quantities of matter.) 
t The Sun, the largest body in our system, attracts the Earth' 
and all the other planets, while they in turn attract the Sun. 
The Earth, also, attracts the Moon, and she in turn at- 
tracts the Earth. A ball, thrown upwards from the 
Earth, is brought again to its surface ; the Earth's attraction 
not only counterbalancing that of the ball, but also producing 
a motion of the ball towards itself. ) 

This disposition, or tendency towards the Earth, is mani- 
fested in whatever falls, whether it be a pebble from the 
hand, an apple from a tree, or an avalanche from a moun- 
tain. All terrestrial bodi^, not excepting the waters of the 
ocean, gravitate towards Jhe centre of the Earth, and it is 
by the same power that animals on all parts of the globe 
stand with their feet pointing to its centre. . 

The power of terrestrial gravitation is greatest^t the earth's i 
surfaces whence! it decreases both upwards and downwards ; I 
but not both w&ys in the same proportion.' It decreases I 
upwards as thesquar&ofthe distance from the Earth's centre ] 
increases 5) so that ^t a distance from the centre equal to ! 
twice thc'semi-diameler of the Earth, the gravitating. force ; 
/Would te only one fourth of what it is at the surface.'* But 
( below the sur^ce, it decreases in the direct tuitio of the dis- 

Who discovered this great truth, and how was he uf&cted in view of it? What u 
meant br gravitation? To what is it prc^KHtioned? tiive some example. How is H 
known that the attraction of gravitation is reciprocal 7 Give some examples to illastrata 
diis principle. Where is the power of terrestrial gravitation the greatest? From thia 
point, does the power decrease eqtuUiy, both upwanis and downwards? What is the 
Jaw of decrease t«i>U7ard« 7 Give an example, what ii the law of decrease dot0»tc«r«? 
Give an example. 

2§* 
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tance from the centre ; ^ that at a distance of half a semi- 
diameter from the ceht^, the gravitating force is hut half 
\vj>at it is at the surface^ ^ 

t Weight and Gravity, in this case, are synonymous terms^ 
I We say a piece of lead weighs a pound^ or 16 ounces ; hut if 
hy any means it could he raised 4000 miles ahove the surface 
of the Earth, which is about the distance ofthe surface from 
the centre, and consequently equal to two semi-diameters of 
\ the Earth above its centre, it would weigh only one fourth of 
. a pound, or four ounces ; and if the same weight could be 
raised to an elevation of 12,000 miles above the surface, or 
four semi-diameters above the centre of the Earth, it wou^d 
there weigh only one sixteenth of a pound, or one ounce. 

The same boay, at the centra of the Earth, being equally 
attracted in every direction, would be without weight ; at 
1000 miles from the centre it would weigh one fourth of a 
pound ; at 2000 miles, one half of a pound ; at 3000 miles, 
three fourths of a pounds and at 4000 miles, or at the sur- 
face, one pound. 

It is a UDiversal law pf attraction, that ita power dtcreaaea aa the aquare of 
the diatanee increaaea.' Tbe converse of this is also true, viz. IVie power 
increaaea, aa tite aquard of the diatanee decreaaea. Giving to this law the form 
of a practical rule, it will stand thus : 

The gravity ofbodiea above the aurface of the Earth, decreaaea in a dupU- 
(Sate ratiOj (or aa the aquarea of their dUtaneeay in aeini-diametera of the earth, 
from the earthfa centre. That is, when the gravity is increaaingy multiply 
the weight by the square of the distance ; but when the gravity is decreaaingt 
divide the weight by the squareof the distance. 

Suppose a body weighs 40 pounds at 20OO tn41es above the Earth's sur* 
lace, what would it weigh at the surface, estimating the Earth's semi-diameter 
at 4000 miles 1 From the centre to the given height, is U semi-diameters : 
the square of l|, or 1.5 is ^.25, which, multiplied into the weight, (40,) gives 90 
pounds, the answer. 

Suppose a body which weighs 256 pounds upon the surface of the Earth, 
be raised to the distance of the Moon, (240,000 miles,) what would be ita 
weight Thus, 4000)240,000(60 semi diameters, the square of which is 360O. 
As the gravity, in this case, is decreasing, divide the weight by the square of 
the distance, and it will give 3600)256(l-16th of a pound, or 1 ounce. 

2. To find to what height a given weight must be raised to lose a certain 
portion ofiits weight. 

RVLB.Apitide the weight at the aurface, by tfte required weight, and ex- 
tract the aquare root of the quotient. Ex. A boy weighs 100 pounds, how high 
must he be carried to weigh but 4 pounds 1 Thus, 100 divided by 4, gives 
25, the square root of which is 5 semi-diameters, or 20,000 miles above the 
ceiBire. - 

{ Bodies of equal magnitude do not always contain equal 

What is the relation between Weiglit and gravity? Illustrate it by some examples. 
What, then, ia the general law in regard taske increase and decreaae qf attraction 7 
How may thia law be expressed, in the form of a practical *fUe 7 Suppose, for e»- 
amvle, the semi-dionteter qf the Earth be estimated, in round nwnbers, at 4000 mitea, 
ana that a body, elevated sooo miles above its surface, should weigh 40 pounds, what 
would the same body weigh, if brought to the Earth's surface? Suppose a body 
which weighs SM pounds upon the surface qf the Earth, be raised to the distance of 
She Moon, what loould be its weight at such an eievatton 7 [The pupil sliould be re- 
quired to give the calculation, as well as the answer. ] By what rule can we determine 
ma height to which a body mxut be raised, in order to its losing a certain portion <|f 
its weight f Qive an ezample. Do bodiesofthe same magnitttde always oootain equal 
quanUties of matt«r| 
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quantities of matter ; a ball of cork, of equal bulk with one 
of lead, contains less matter, because it is more porous.1;The 
Sun, though fourteen hundred thousand times largef than 
I the Earth, being much less dense, contains a quantity of 
' matter only 355,000 times as great, and hence attracts the 
; Earth with a force only 355,000 times greater than that 
. with which the Earth attracts the Sun .^7 - ^ 

I The quantity of matter in the Sun la 780 times greater] 
: than that of all the planets and satellites" belonging to the 
i Sblar System; consequently their whole united force of at- 
traction is 780 times less upon the Sun, than that of the 
Sun upon them. 

The Centre of Gravity of a body, is that point in which 
its whole weight is concefltrated, and upon which it would 
rest, if freely suspended. ; If two weights, one of ten pounds, 
the other of one pound',' be connected together by a rod 
eleven feet long, nicely poised on a centre, and then be thrown 
into a free rotary motion, the heaviest will move in a circle 
with a radius of one foot, and the lightest will describe a cir- 
cle with a radius of ten feet : the centre around which they 
move is their common centre of gravity.^ See the Figure, 
y^Thus the Sun and planets move around an imaginary 
point as a centre, always preserving an equilibrium. ^ 

CENTRE OP GRAVITY. 
Pig. 21. 




If there were but one. body in the universe, provided it 
were of uniform densityi the centre of it would be the centre 
of p^ravity towards whicn all the suH*ounding portions would 
^uniformly tend, and they would thereby balance each other.^ 
iThus the centre of gravity, and the body itself, would for-" 
ever remain at rest. • It would neither move up nor down 5 
there being . no other body to draw it in any direction, ^ 
In this case,, the terms up and down would have no meaning, 

What are the comparative bulks and densities of the Sun and the Earth? How great is 
the quantity of matter in the dun, oompared with that of all the planets beI(tflcinR to tho 
iolar system ? What is the centre of navity of a body ? Give an example, liow do^ 
this illustration apply to planetary motion ? If there were but one single body in the uwr 
▼ene. where would the centre of gravity be? What motion would the body have? V ha*. 
wr«ttM the terms up and dounit in such caae» mean ) 
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except as applied to the body itself, to express the direction 
of the surface from the centre. 

Were the Earth the only body revolving about the Sun, 
as the Sun*s quantity of matter is 355,000 times as great as 
that of the Earth^^ the Sun would revolve in a circle equal [ 
only to the three hundred and fifty-Jive thousandth part of j 
the Earth's distance from it : but as the planets in their seve- 
ral orbits vary their positions, the centre of gravi^ is not 
always at the same distance from the Sun. ^ 

The quantity of matter in the Sun so faf exceeds that of 
ail the planets together, that were they all on one side of him 
he would never be more than his own diameter from the 
common centre of gravity ^ the Sun is therefore justly con- 
sidered as the centre of the system. 

The quantity of matter in the Earth being about 80 times 
as great as that of the Moon/their common centre of gravity 
is 80 times nearer the former than the latter, which is about 
3000 miles from the Earth's centre. J 

i,Tbe secondary planets are governed by the same laws 
as Iheir primaries, and both together move around a com* 
mon centre of gravity. 

Every system in the universe is supposed to revolve, in 
like manner, around one common centre. 



ATTRACTIVE AND PROJECTILE FORCES. 

All simple motion is naturally rectilinear; that is, jail 
bodies put in motion would continue to go forward in straight 
lines, as long as they met with no resistance or diverting 
force. 

On the other hand, the Sun, from his immense size, wou^cL 
by the power of attraction, draw all the planets to him, &f 
his attractive force were not counterbalanced by the primi- 
tive impulse of the planetary bodies to move in straight lines/ 
The attractive power of a body drawing another body 
towards the centre, is denominated Centripetal force ; and 
the tendency of a revolving body to ^y from the centre in ^ 
^a tangent line, is called th^. Projectile or Centrifugal force, 
J The joint action of these two central forces gives the planets 

If the Enrth were the only body revolving about the Sun, what would be their relative 
didtancea from their common centre of gravity ? If, initead of the Earth alone, the Earth 
with all the planets and satellites of the system were on one side, and the Sun alone oa 
the other, at what distance from their common centre of gravity must the Sun be, f o bal- 
ance rhem all 7 Where is the centre of gravity between «ie Earth and Moon 7 How do 
you know this ? By what laws are the secondary planets governed, and the other systemt 
of the universe 7 What is meant by all simple motion bemg rectiiinear 7 Why does pot 
tJie Sun, by it^ great attraction, bring ali bodies to its surface? Explain what is meant 
by centnpetal and centrifugal forces. What reealta fiom the joint action of these two 

fulCCB? 
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a circular motion, and retains them in their orbits as they 
revdve, the primaries^ about the Sun, and the secondaries 
about their primaries. * 

The degree of the Sun's attractive power at each particu- 
lar planet, whatever be its distanceJis uniformly equal to 
the centrifugal force of the planet?. I'he nearer any plan- 
et is to the Sun, the more strongly is it attracted by him ; 
the farther any planet is from the Son, the less is it at- 
tracted by him ; therefore, those planets which are the near- 
er to the Sun must move the faster in their orbits, in order 
thereby to acquire centrifugal forces equal to the power of 
the Sun's attraction ; and those which are the farther from 
the Sun must move the slower, in order that they may not 
have too great a degree of centrifugal force, for the weaker 
attraction of the Sun at those distauceis. • 

The discovery of these great truths,',by Kepler and New- 
ton,^ established the UNIVERSAL LAW OP PLANETARY MOTION; 
"whJoh may be stated as follows : 

l./Eyery planet moves in its orbit with a velocity vary- 
iug every instant, in consequence of two forces ; one tending 
to the centre of the Sun, and the other in the direction of a 
tangent to its orbit, arising from the primitive impulse given 
at the time it was launched into space. The former is call- 
ed its Centripetal, the latter, its Centrifugal force. Should 
the centrifugal force cease, the planet would mil to the Sun 
by its gravity ; were the Sun not to attract it, it would fly 
off from its orbit in a straight line. 

2. By the time a planet has reached its aphelion, or that 
point of its orbit which is farthest from the Sun, his attrac- 
tion has overcome its velocity, and draws it towards him 
with such an accelerated motion, that it at last overcomes 
the Sun's attraction, and shoots past him ; then gradually 
decreasing in velocity, it arrives at the perihelion, when the 
Sun's attraction again prevails. 

3. However ponderous or light, large or small, near or 
remote, the planets may be, their motion is always such 
that imaginary lines joining their centres to the Sun, pass 
over equal areas in equal times : and this is true not only 
with respect to the areas described every hour by the same 
planet, but the agreement holds, with rigid exactness, be- 
tween the areas described in the same time, by all the plan- 
ets and comets belonging to the Solar System. ' 

From the foregoing principles, it follows, that the force of gravity, and 
the centrifugal force, are mutual opposing powers— each continually acting 

To what is the Son's attractive vovra at eaeh particular planet equal? Explain this 
morp fully. By whom was the imivezsal law of planetary motion estahusfaed 7 Repeat 



io 
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•ciinit the other. Thus, the weight of bodiei, on the Earth's equator, Im 
mminiahed by the ceDtriAigal force of het diamal rotation, in the propor- 
tion of one pound for every 290 pounds : that is, had the Earth no tnotioa 
on her axis, all bodies on the equator would weigll one two hundred and 
eigh'y-ninth pari more ihan they now do. 

'i Oil the contrary, if her diitrnal motioif wefe accelerated, the centiifu^ 
lorce would be proportionally increased, and thf 'weight of iiodies at the 
equator would be, in the same ratio, ditninisheci Should the Earth revolve 
uj)on its axis, witli a velocity wtiich would inake^e da; but 81 minutes long, 
instead of 24 hours, the centrifu^ force would counterbalance that of gravity, 
and all bodies at the equator would then be absolutely destitute of weight ; 
and if the ccntrifu^l iorce were further augmented, (the Earth revolving 
in less time than 81 minutes,) gravitation would be completely overpowered, 
and all ll^iids and loose substances near the equator would fly off from the 
surface. ' 

The weight of bodies, either upon the Earth, or on any other planet havine 
a motion around its axis, depends jointly upon the mass of the planet, and 
its diurnal velocity. A body weighing one pound upon the equator of tlie 
EartI), would weigh, if removed to the equator of the Sun, 27.9 lbs. Of Mer« 
cnry, 1.03 lbs. Of Venus, 0.98 lbs. Of the Moon, i lb. Of Mars, \ lb. Of 
Jupiter, 2.716 lbs. Of tiatum, 1.01 lbs. 



CHAPTER XXI. 



PRECESSION OF THE EaUINOXES-OBLIQUITT OP 
THE ECLIPTIC. 

Op all the motions which are going" forward in the Solar 
System, there is none, which it is important to notice, more 
difficult to comprehend, or to explain, th^n the precession 
OP THE EaiTiNoxEs, as it is termed. 

The equinoxes, as we have learned, are the two opposite 
points in the Earth's orbit, where it crosses the equator. 
The first is in Aries j the other, in Libra. By the preces- 
sion of the equinoxes is meant, that the intersection of the 
equator with the ecliptic is not always in the same point:— 
in other words, that the Sun, in its apparent annual course, 
does not cross the equinoctial, Spring and Autumn, exactly 
in the same points, but every year a little behind those of 
the preceding year. 

This annual falling back of the equinoctical points, is call- 
ed by astronomers, with reference to the motion of the 
heavens, the Precession of the Equinoxes s but it would bet- 
ter accord with fact as well as the apprehension of the learn- 
er, to call it, as it is, the Recession of the Equinoxes : for the 
equinoctial points do actually recede upon the ecliptic, at the 
rate of about 50J" of a degree every year. It is the name 

"Brno ia the welghi r^ bodfft on the Earth's egtuitor affected by its diurnal rotation 7 
VThat would be the effect if the diurnal motion of the Earth were accelerated, 7 What 
would be the comequence <f the Earth revolved abottt its axis in 84 minutes, ct in 
las time 7 What are the equinoxes 7 What ia meant hm the precession of the equiixnea 2 
Why u it called precession of the equinoxei, and what would be a better teim? 
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only, and not the position^ of the equinoxes which remains 
permanent. Wherever the Sun crosses the equinoctial in 
the spring there is the vernal equinox ; and wherever he 
crosses it in the autumn there is the autumnal equinox; 
and these points are constantly moving to the west. 

Pig. 22. 

To render tliis subject fa- 
miliar, we will suppose two 
carriage roads, extending 
quite around Ihe Earth : one, 
representing the equator, 
running due east and west ; 
and tlic other, representing 
the ecliptic, running nearly 
in the same direction as tho 
ft)nner, yet so as to cross it 
with a small angle, (say of 
23io,) both at the point 
wfiere we now stand, for in- 
stance, and in the nadir, 
exactly opposite ; let there 
also be another road, to 
represent the prime meridi- 
an, running north and south, 
and crossing the first at 
T\ght angles, in the common 
point of intersection, as in 
tlie annexed figure. 

Let a carriage now start 
from this point of intersec- 
tion, not in the road leading 
directly east, but along that of the ecliptic, which leaves the former a little to 
the nf>rth, and let a person be placed to watch when the carriage comes 
around again, aAer havirtg made the circuit of the Earth, and see wiicther the 
carriage will tross the equinoctial road again precisely in tho same track 
as when it left the goal. Tliough the person stood exactly in the former track, 
lie need not fear being run over, for the carriage will cross the road 100 rods 
west of him, that is, 100 rods west of the meridian on which he stood. It 
is to be observed, that 100 rods on the equator is equal to CO^ seconds of a 
degree. 

If the carriage still continue to go around the Earth, it will, on completing 
Its second circuit, cross the equinoctial path 200 rods west of the meridian 
whence it first set out ; on the third circuit, 300 rods west ; on the fourth 
circuit, 400 rods, and so on, continually. After 71} circuits, the (loint of in- 
tersection would be one degree west of its place at the commencement of 
the route. At this rate it would be easy to determine how many complete 
circuits the carriage must perform before this continual faUing back of tho 
intersecting point would have retreated over every degree of the orbit, until 
it reached asaln the point from whence it first departed. The application of 
this illustration will be manifest, when we consider, further, that. 

The Sun revolves from one equinox to the same equinox 
again, in 365d. 5h. 48' 47".81. This constitutes the natu- 
ral, or tropical year, because, in this period, one revolution 
of the seasons is exactly completed. But it is, mean- 

The equinoctial points are continually movinep: how, then, is their position define I. 
G/cf, at lengthy a familiar illustraiion by tohich thin subject may be vndemtoGd. 
SupT709e the carriage contiuves Its circuit around the earin, where would U cross 
the equinoctial the 2d, 3d, and 4th times, ^c. 1 After hoio tnany circuits loovJd fh$t 
faUing back qfthe eguinoctiat points amount to one degree on the ecliptic f In what 
time does, the Sun revolve from out equinox to the same equinox a«ain7 What is tliis 
reiiod called} 
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while, to be borne in mmd, that the equinox itself, during 
this period, has not kept its position asions the stars, but 
has deserted its place, and fcUlen back a little way to meet 
the Sun ; whereby the Sun has arrived at the equinox before 
he has arrived at the same position among the stars from 
which he departed the year before ; and consequently^ musf 
perform as much more than barely a tropical revolution, to 
reach that point again. 

To pass over this interval, which completes the Sun^s side- 
real revolution, takes (20\22'^M) about 22 minutes and 23 
seconds longer. By adding 22 minutes and 23 seconds to 
the time of a tropical revolution, we obtain 365d. 6h. 9m. 
lO^s. for the length of a sidereal revolution ; or the time 
in which the Sun revolves from one fixed star to the same 
star again. 

As the Sun describes the whol^ ecliptic, or 360^, in a tiiop- 
ical year, he moves over 59' 8^" of a degree every day, at a 
mean rate, which is equal to SDJ-" of a degree in 20 min- 
utes and 23 seconds of time ; consequently he will arrive at 
the same equinox or solstice when he is 50-J-'' of a degree 
short of the same star or fixed poin in the heavens, from 
which he set out the year before. So that, with respect to 
the fixed stars, the Sun and equinoctial points fall back, as 
it were, 1° in 7 If years. This will make the stars appear 
to have gone forward l^'j with respect to the signs in the 
ecliptic, in that time : for it must be observed, that the same 
signs always keep in the same points of the ecliptic, with- 
out regard to Iheplace of the constellations. Hence it be- 
comes necessary to have new plates engraed for celes- 
tial globes and maps, at least mice in 50 years, in order to 
exhibit truly the altered position of the stars. At the pres- 
ent rate of motion, the recessionof the equinoxes, a^ it should 
be called, or the precession of the stars, amounts to 30®, or 
one whole sign, m 2140 years. 

Why 18 it so called? Does the e<iuinox remain stationary darinff this period? What 
resultc) from this 7 How lonff does it take the Sun to pass ovor the interval tfaroudi which 
tlH> equinox has thus retreated 7 What is the length of a sideieal revolution, and how is 
it determined 7 What portion of the ecliptic does the Stm describe, at a mean rate, every 
day 7 W hat portion does (t describe in ao minutes and 28 secbnda ? If the Sim and egiu- 
noctial pointB tall back ill the ecliptic SO 1-4" of a degree every year, how many yean befim 
this regression will ampudt to a degree? How will this a^t the cuppeaianee of the 
atais What practical uconvenience results from thn&ct? In what penod of time does 
the precession of the stars amoont to 80«, or one whole sign 7 
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MOTION OP THB STARS. 
Pig. 23. 




To explain this by a fignre ; Suppose the Snn to have been in conjanctirai 
wiih a fixed star at S, in the first degree of Taurus, (the second sign of the 
ecliptic,) 340 years before the birth of our Saviour, or about the 17th year of 
Alexander the Great ; then having made 2140 revolutions tlirough the ecliptic, 
he would be found again at the end ef so many sidereal years at S; but at 
the end of so many Julian years, he would be found at J, and at the end of 
so- many tropical years^ which would bring it down to the besinning of the 
present century, he would be found at T, in the first degree of Aries, which 
has receded from S to T in that time by the precession of the equinoc- 
tial points Aries and Libra. The arc S T would be equal to the amount of 
the precession (for precession vre must still call it) of the equinox in 2140 
jrears, at tlie rate of SO." 23572 of a degree, or 20 minutes and 23 seconds of 
time annually, as above stated. 

From the constant retrogradation of the equinoctial points, 
and with them of all the signs of the ecliptic, it follows that 
the longitude of the stars must continually increase. The 
fame cause affects also their right ascension and declination. 
Hence, those stars which, in the infancy of astronomy were 
in the sign Aries^ we now find in Taurus; and those which 
were in Taurus^ we now find in Gemini^ and so on. Hence 
likewise it is, that the star which rose or set at any particu* 
lar time of the year, in the time of Hesiod, Eudoxus, Virgil, 
Pliny, and others, by no means answers at this time to their 
descriptions. 

Explain this by a diagram. How does the letroRradatioQ of tlie equinoctial pointo 
•fleet the longitude of the stan ? Does the same cauae extend to their right asoensioa 
and dsdination also? How is this rendered apparent} 

93 
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Hedod, In his Opera tt Dies, lib. ii. verse 185, tays : 
When from the solstice sixty wintry days 
Their tumd have finish'/!, mark, with ghtt'rlng rays, 
From Ocean's sacred flood, Arcturus rise, 
Then first to gild the dusky evening skies. 
But Arcturus note rises acronycally in latitude 37° 45' N. the latitude t 
Ilesiod, and nearly that of Richmond, in Virginia, about 100 days after thm 
winter solstice, dupposing Hesiod to be correct, there is a difference of 49 
days, arising from the precession of the equinoxes since the days of Ilesiod. 
I Now as there is no record extant of the exact period of the world when thul 

poet flourished, let us see to what result astronomy will lead us. 
' As the Bun moves through about 3Q° of the ecliptic In 40 days, the wlntei 
' solstice, in the time of Hesiod, was in the 9th degree of Aquarius. Now ea 
timating the precession of the equinoxes at 50^" in a year ; we shall have 
50j^" ; 1 year : : 39° ; 2794 years since the time of Hesiod ; if we subsfract from 
this OUT [present era, 1836, it will give 9S8 years before Christ. Lempriere, la 
his Classical Dictionary, says Hesiod lived 907 years before Christ See a 
similar calculation for the tiuie of Thales, page 54. 

The retrograde movement of the equinoxes, and the an- 
nual extent of it, were determined by comparing the longitude 
of the same stars, at different intervals of time. The most 
careful and unwearied attention was requisite in order to 
determine the cause and extent of this motion ; — a motion 
so very slow as scarcely to be perceived in an age, and oc- 
cupymg not less than 25,000 y^>ars in a single revolution. 
It has not yet completed one quarter of its first circuit m 
the heavens since the creation. 

Thus observation has not only determined the abso- 
lute motion of the equinoctial points, but measured its limit ; 
it has also shown that this motion, like the causes which pro- 
duce it, is not uniform in itself: but that it is constantly ac- 
celerated by a slow arithmetical increase of ]" of a degree 
m 4,100 years. — A quantity which, though totally inappre- 
ciable for short periods of time, becomes sensible after a 
lapse of ages. For example : The retrogradation of the 
equinoctial points is now greater by nearly ^" than it was 
in the time of Hipparchus, the first who observed this mo- 
tion ; consequently, the mean tropical yedit is shorter now by 
about 12 seconds than it was then. For, since the retro- 
gradation of the equinoxes is now every year greater than 
It was theuji the Sun has, each year, a space of nearly i^f 
less to pass through in the ecliptic, in order to reach the 
plane oi the equator. Now the Sun is 12 seconds of time in 
pissing over ^" of space. 

At present, the equinoctial points move backwards^ or 
from east to west along the path of the ecliptic at the rate of 

Mention an^xample. Histort/doea not enable us tqjlx the precise age nfthe world 
in which Hesiod Jlrmrished; what li^ht docs afttronmny shed upon this quettinn? 
By what means was the retrosradation of the equinoxes dotermined 7 Whv was it diffi- 
cu't to detwinine tlie cause and extent of this motioo 7 Not to specify particular cases. 
^ynat has observation at length detemiined, with respect to the limit and uniformUv of 
this backward movement or the eqoinoctial points? Give an example. Why should the 
tropical year, on thisaccqunt, be shorter now than it was then ? What is the pcoseat mtk 
of motion of the equinoctial points 7 
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I*' in 71f years, or one whole sign, in 2140 years. Con- 
tinuiog at this rate, thev will fall back through the whole 
of the 12 signs of the ecliptic in 25,680 years, and thus re- 
turn to the same position among the stars, asin iheheginning. 

But in determining the period of a complete revolution 
of the equinoctial points, it must be borne in mind that the 
motion itself is continually increasing ; so that the last quar- 
ter of the revolution is accomplished several hundred years 
sooner than the first quarter. Making due allowance for this 
accelerated progress, the revolution of the equinoxes is com- 
pleted in 25,000 years ; or, more exactly, in 24,992 years. 

Were the motion of the equinoctial points uniform : that 
is, did they pass through equal portions of the ecliptic in 
equal times, they would accomplish their first quarter, or pass 
through iUeJirst three signs of the ecliptic, in 6,250 years. - 
But they are 6,575 years in passing through the first quar- 
ter ; about 218 years lesg in passing through the second 
quarter; 218 less in passing through the third, and so on. 

The immediate consequence of the precession of the equi- 
noxes, as we have already observed, is a continually pro- 
gressive increase of longitude in all the heavenly bodies. 
.^For the vernal equinox being the initial point of lotlgitude, 
%s well as of right ascension, a retreat of this point on the 
ecliptic tells npon th»Jongitudes of all alike, whether at rest 
or in motion, and produces, so far as its amount extends, the 
appearance of a motion in longitude common to them all, 
as if the whole heavens had a slow rotation around the poles, 
of the ecliptic in the long period above mentioned, similar to 
what they have in every twenty-four hours around the poles 
of the equinoctial.! As the Sun loses one day in the year 
on the stars, by his direct motion in longitude ; so the equi- 
nox gains one day on them, in 25,000 years, by its retrograde 
motion. 

The cause of this motion was unknown, uniil Newton 
proved that it was a necessary consequenc^p of the rotation 
of the Earth, combined with its elliptical figure, and the un- 
equal attraction of the Sun and Moon on its polar and equa- 
torial regions. There being more matter about the Earth's ' 
equator than at the poles, the former is more strongly at- 
tracted than the latter, which causes a slight gyratory or 

In ^vbat time, continuing at the same rate, will they fall back through the twelve signg 
of the ecliptic ? In deterqiining the exact period of a complete revolution of the equinoctial 
points, what imoortant circomstance muat be borne in mind 7 Making due allowance for 
their accelerated progress, in what time ia a revolution of the equinoxes completed 7 la 
this motion as quick in the first quarter of their revolution as in the last? WImt is the 
time and drff'erence, of describing each quarter? What is the immediate oonseouence of 
the precession of the equinoxes upon the position of the heavenly bodies ? I Explain how 
this takes place. How does this resemble the annual loos of a udercftl da^ by the Sua? 
What if the oaoae of this motion} 
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wabbling motion of the poles of the Earth around those of 
the ecliptiCj like the pia of a top about its centre of motion, 
when it spins a little obliquely to the base. 

The precession of the equinoxes, thus explained, consists. 
in a real motion of the pole of the heavens among the stars, 
in a smai) circle around the -pole of the ecliptic as a centre^ 
keeping constantly Tit its present distance of nearly 23}^ 
from it, in a direction from east to west, and with a progress 
so very slow as to require 25,000 years to complete the cir- 
cle. , During this rcToiution it is evident that the pole will 
Eoint successively to every part of the small circle in the 
eavens which it thus describes. Now this cannot happen 
without producing corresponding changes in the apparent 
diurnal motion of the sphere, and in the aspect which the 
heavens must present at remote periods of time. 

The effect of such a motion on the aspect of the hea- 
Tens, IS seen in 4he apparent approach of some stars and t2on- 
stellations to the celestial pole, and the recession of others 
The bright star of the Lesser Bear, which we call the pole 
star, has^not always been, nor will always continue to be, 
our polar star. At the time of the construction of the ear- 
liest catalogues, this star was 12^ from the pole ; it is now 
only 1° 34' from it, and it will approach to within half a 
degree of it ; after which it will again recede, and slowly 
give place to others, which will succeed it in its proximity 
to the pole. 

The pole, as above considered, is to be aoderstood, merely, as the van- 
iahing point o\ the Earth's axis ; or that point in the concave sphere which, 
is altoaya opposite the terrestrial pole, and which consequently must move 
as that moves. 

The precession of the stars in respect to the equinoxes, 
is less apparent the greater their distance from the ecliptic ; 
for whereas a star in the zodiac will appear to sweep the 
whole circumference of the heavens, in an equinoctial year, 
a star situated within the polar circle will describe only a 
very small circle in that period, and by so much the less, 
as It approach^ the pole. The north pole of the eartn 
being elevated 23° 27^^' towards the tropic of Cancer, the 
circumpolar stars will be successively, at the least distance 
from it, when their longitude is 3 signs, or 90°. The posi- 



Admittinf this explanation, in whatdoet the precesuonof the equinoxes really consist? 
To what point in the heavens will the pole of the Earth be directed, during the revolution 7 
How muaf this ai&ct the diuraal motion and aspect of the heavens, in renicto ages ? 
'Whercin will the efibcts of such a motion be piuticwarljr visible 7 Give an instance. 
Wften-pou Miteak of the polb as in motion, what i» to be understood by that term 1 \m 
tiMmeeession of the stan, with respect to the eqpiinoxes, equaliy apparent isv every part 
of usb heavens 7 At what loositude do the circumpolar stan approdch ncavest tb/c polel 
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tion of the north polar star in 1836, will be in the 17° of Tau- 
rus; when it arrives at the first degree of Cancer, which it 
will do in about 250 years, it will be at its nearest possible 
approach to the pole — namely, 29' 55'. About 2900 years 
before the commencement of the Christian era. Alpha Dra- 
conis^ the third star in the Dragon's tail, was in the first de* 
gree of Cancer, and only 10' from the pole ; consequently 
it was then the pole star. After the lapse of 11,600 years, 
the star Lyra, the brighest in the northern hemisphere, will 
occupy the position of a pole star, being then about 5^ from 
the pole ; whereas now its north polar distance is upwards 
of 51°. 

The mean average precession from the creation (4(XH B. C.) to the year 
1800, is 49'' .51455 ; consequently the equinoctial points have receded smce 
the creation, 2 s. 14° 8' 27". The longitude of the star Beta Arietis, was, in 
18?0,.31°27'28" : Melon, a famous mathematician of Athens, who flourished 
430 years before Christ, says this star, in his lime, was in tlie vernal equinox. 
If he is corroct, tiien 31° 27' 28", divided by 2250 years, the elapsed time, 
will give 50|" for the precession. Something, however, must be allowed 
for the imperfection of the Instruments used at that day, and even until the 
sixteenth century. 

Since all the stars complete half a revolution about the 
axis of the ecliptic in about 12,500 years, if the North Star 
bp at its nearest approach to the pole 250 years hence, it 
will, 12,500 years afterwards, be at its greatest possible 
distance from it, or about 47° above it : — That is, the star 
itself will remain immoveable in its present position, but the 
pole of the Earth will then point as much helow the pole of 
the ecliptic, as now it points above. This will have the 
effect, ajjparew^, of elevating the present polar star to twice 
its present altitude, or 47°. Wherefore, at the expiration 
of half the equinoctial year, that point in the heavens which 
is now 1° 18' north of the zenith of Hartford, will be the 
place of the north pole, and all those places which are situa- 
ted 1° 18' north of Hartford, will then have the present pole 
of the heavens in their zenith. 

OBLiaiHTY OP THE ECLIPTIC. 

The distance between the equinoctial and either tropic, 
measured on the meridian, is called the Obliquity of the 
Ecliptic : or, this obliquity may be defined as the angle form- 

What is the position, at present, of the north polar star, and when will it make its 
Dearest possible approach to the true pole of the heavens ? At what period has any other 
■tar been the polar star? When will the star Lyra, which is more tlian 5Q° from it, bo 
the north polar star ? What was the mean annital preceaaionfrom the crea'ion to the 
year 1800, and how much did it amount to in that period 7 When was Beta Arietta 
in the equinox, a/id what ia Ua longitude now 1 When will our present north star be 
at its least, and when at its greatest distance from the pole? In this case, is it meant that 
the star itself will move, or the pole? In what manner? What, then, must be, the ap- 
parent elle^? Iffuatrate theae phenomma &y a diagram. What is the obUqoity of 
the ecliptic? 

23* 
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ed by the intersection of the celestial equator with the eclifH 
tic. Hitherto, we have considered these great primary 
circles in the heavens, as never varying their position in 
space, nor with respect to each other. But it is a remarkable 
and well ascertained fact, that both are in a state of constant 
change. We have seen that the plane of the Earth's equator 
is constantly drawn out of place by the unequal attraction 
of the Sun and Moon acting in different directions upon the 
unequal masses of matter at the equator and the poles ; 
whereby the intersection of the equator with the ecliptic is 
constantly retrograding — thus producing the precession of 
the equinoxes. 

The displacement of the ecliptic, on the contrary, is pro- 
duced chiefly by the action of the planets, particularly of 
Jupiter and Venus, on the Earth ; by virtue of which the 
plane of the Earth's orbit is drawn nearer to those of these 
two planets, and consequently, nearer to the plane of the 
equinoctial. The tendency of this attraction of the planets, 
therefore, is to diminish the angle which the plane of the 
equator makes with that tof the ecliptic, bringing the two 
planes nearer together ; and if the Earth had no motion of 
rotation, it would, in time, cause the two planes to coincide. 
But in consequence of the rotary motion of the Earth, the 
inclination of these planes to each other remains very nearly 
the same ; its annual diminution being scarcely more than 
three fourths of one second of a degree in a year. 

The obliquity of the ecliptic, at the commencement of the present century, 
was, according to Baily^ 23^ 27' 56^", subject to a yearly diminution of 
0" .4755. According to Beasel, it was 23° 27' 54".32, with an annual dimi- 
nution of 0".46. This diminution, however, is subject to a sliffht semian- 
nual variation, from the same causes which produce the displacement of 
the plane of the ecliptic, in precession. 

The attraction of the Sun and Moon, also, unites win that 
of the planets, at certain seasons, to augment the diminution 
of the obliquity, and at other times, to lessen it. On this 
account the obliquity itself is subject to a periodical varia- 
tion ; for the attractive power of the Moon, which tends to 
produce a change in the obliquity of the ecliptic, is variable, 
while the diurnal motion of the Earth, which tends to pre- 
vent the change from taking place, is constant. Hence 
the Earth, which is so nicely poised on her centre, bows a 

In what light have we hitherto considered the great circles of the heavens ? But what 
is the fact? By what cause is the displacement of the equinoctial, or the plane of the 
Earth's equator, effected J How is the displacement of the plane of the ecliptic effected ? 
If the planetary attraction tends constaotly to draw the planes of the eqiunoctial and 
ecliptic nearer towther, what is to prevent them from comciding in one and the same 
plane ? How much is the distance or angle between them diminimed ewry year ? What 
waathe obltquitv qfthe ecliptic, or the qtumtUy qfthia emgle, at the commencement 
€^ the present eenturu? lathe annual diminution qfthe oUiquity subject to any 
variation? From what came t What efleet has the attraction of the Sun and Moon 
onthisobbquity? 
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little to the influence of the Moon, and rises again, alternate- 
ly, like the gentle oscillations of a balance. This curious 
phenomenon, is called Nutation, 

In consequence of the yearly diminution of the obliquity 
of the ecliptic, the tropics are slowly and steadily approach- 
ing the equinoctial, at the rate of little more than three 
fourths of a second every year ; so that the Sun does not 
now come so far north of the equator in summer, nor de- 
cline so far south in winter, by nearly a degree, as it must 
have done at the creation. 

The most obvious effect of this diminution of the obliqui- 
Xj of the ecliptic, is to equalize the length of our days and 
nights ; but it has an effect also to change the position of 
the stars near the tropics. Those which were formerly 
situated north of the ecliptic, near the summer solstice, are 
now found to be still farther north, and farther from the 
plane of the ecliptic. On the contrary, those which, accord- 
ing to the testimony of the ancient astronomers, were situ- 
ated south of the ecliptic, near the summer solstice, have ap- 
proached this plane, insomuch that some are now either 
situated within it, or just on the north side of it. Similar 
changes have taken place with respect to those stars situ- 
aivid near the winter solstice. All the stars, indeed, parti- 
cipate more or less in this motion, but less^ in proportion to 
their proximity to the equinoctial. 

It is important, however, to observe, that this diminution 
will not always continue. A time will arrive when this 
motion, growing less and less, will at length entirely cease, 
and the obliquity will, apparently, remain constant for a 
time J after which it will gradually increase again, and con- 
tinue to diverge by the same yearly increment as it before 
had diminished. This alternate decrease and increase will 
constitute an endless oscillation, comprehended between cer- 
tain fixed limits. Theory has not yet enabled us to deter- 
mine precisely what these limits are, but it may be demon- 
strated from the constitution of our globe, that such limits 
exist, and that they are very restricted, probably not exceed- 
ing 2'^ 42'. If we consider the effect of this ever varying 
attribute in the system of the universe, it may be affirmed 

What resultg from this nltcrnato and opposite influence 7 Bjr what token ddes the 
Earth sliow her respect to this influence of the Moon 7 What ia this phenomenon called 7 
Wliat is the conBeqiience of the yearly diminution of the obliquity of the ecliptic in respect 
to tlie position of the tropica, and the declination of the Sun ? What other obvious effects 
result from this diminution 7 How does it aifect the declination of the stars near the 
solstices 7 Do all the stars partake, more or leas, in this motion 7 Will this diminution 
of the obliquity always continue ? What are the limits of its alternate variation 7 , What 
would be the consequence, in respect to the seasons, should the plane of the eofiptio eirer 
•oiDcide with the plane of the equator 7 
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that the plane of the ecliptic never has coincided with the 
plane of the equator, and never will coincide with it. Such 
a coincidence, could it happen, would produce upon the 
Earth perpetual spring. 

The method used by astronomers to determine the obli- 
quity of the ecliptic is, to take half the difference of the 
greatest and least meridian altitudes of the Sun. 

The following table exhibits the mean obliquity of the 
ecliptic for every ten years during the present century. 
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CHAPTER XXII. 
THE TIDES. 

The oceans, and all the seas, are observed to be incessant- 
ly agitated for certain periods of time, first from the east 
towards the west, and then again from the west towards the 
east. In this motion, which lasts about six hours, the sea 
gradually swells ; so that entering the mouths of rivers, it 
drives back the waters towards their source. After a con- 
tinual flow of six hours, the seas seem to rest for about a 
quarter of an hour ; they then begin to ebb, or retire back 
again from west to east for six hours more ; and ihe rivers 
again resume their natural courses. Then after a seem- 
ing pause of a quarter of an hour, the seas again begin to 
flow, as before, and thus alternately. This regular alternate 
motion of the sea constitutes the tides, of which there are 
two in something less than twenty-five hours. 

, The ancients considered the ebbing and flowing of the tides as one of the 

g-eatest mysteries in nature, and were utterly at a loss to account for them, 
alileo and Uescartes, and particularly Kepler, made some successful 
advances towards ascertaining the cause ; but Sir Isaac Newton was the 
first who clearly showed what were the chief agents in producing these 
motions. 

The cause of the tides, is the attraction of the Sun and 
Moon, but chiefly of the Moon, upon the waters of the 

What ia the method used by astronomers for determining: the obliquity of the ecliptic? 



cause? What is the cause of the tides? 
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ocean. In virtue of grantation, the Moon, by her attrac- 
tion, draws, or raises the water towards her; but- because 
the power of attraction diminishes as the squares of the dis- 
tance increase, the waters on the opposite side of the Earth, 
are not so much attracted as they are on the side nearest 
the Moon. 

That the Moon, says Sir John Herschel, Blioold, by ber attractio||, heap 
up the waters of the ocean under her, seems to most persons very natui^al ; 
but that the same cause should, at the same time, heap them up on the oppo- 
site side, seems, to many, palpably absurd. Yet nothing is ni(yrc true, nor 
indeed more evident, when we consider that it is not by her whole attraction, 
but by the differences of her attractions at the opposite surfaces and at the 
centre, that the waters are raised. 

That the tides are dependent upon some known and determinate laws, Is 
evident from the exact lime of high water being previously given in every 
ephemeris, and in many of the common ahnanacks. 

The Moon comes every day later to the meridian than on the day preceding, 
and her exact time is known by calculation ; and the tides in any and 
everv place, will be found to follow the same rule ; happening exactly so 
much later every day as the Moon comes later to the meridian. From this 
exact conformity to the motions of the Moon, we are induced to look to her 
aa the cause ; and to >infer that tliese phenomena are occasioned principally 
by the Moon's attraction. 

THE TinES. 
Rg. 21 Pig. 25. Fig. 26. 






If the Earth were at rest, and there were no attractive in- 
fluence from either the Sun or MoOn, it is obvious from the 
principles of gravitation, that the waters in the ocean would 
DC truly spherical ; (as represented by Fig. 24 ;) but daily 
observation proves that they are in a state of continual agi- 
tation. 

If the Earth and Moon were without motion, and the Earth 
covered all over with water, the attraction of.the Moon would 
raise it up in a heap, in that part of the ocean to which the 
Moon is vertical, as in Figure 25, and there it would, prob- 

Howdo(» the attraction oCthe San and Moon prodnce tides upon both sides of tiie 
earth at the same tiiie? What is Sir John ner$cheVa remark wport this theory 7 
How U it knoioa that the tidea are governed hy any ascertained law 7 What coinei' 
denee i« observed heiween the meridian passage of the Moon, and the time of high 
water 7 What conclusion may we derive from this coincidence 7 If the Earth were 
at rest, and under no influence from the attraction of the dun or Moon, what shape would 
the waters assume ? %ippo3e the attractive power of the Moon upon the Earth to i)e as 
it is. and neither the Earth or Moon to have any motion, what would bo Uie result? How 
would this condition of tbhifis be ai&cled by the Eazth'a lotatson? 
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ably, always continne ; but by the rotation of tbe Earth 
upon its axis, each paft of its surface to which the Moon is 
vertical is presented to the action of the Moon : wherefore, 
as the quantity of water on the whole Earth remains the 
same, when the waters are elevated on the side of the Earth 
under the Moon, and on the opposite side also, it is evident 
they must recede from the intermediate points, and thus the 
attraction of the Moon produce high, water at two opposite 
places, and low water at two opposite places, on the Earth, 
at the same time, as represented by Figure 26. 

This is evident from tlie figure. The waters cannot rise in one place, 
without falling in another ; and therefore tbey must fall as low in the IxorizoUi 
•t C and D, as they rise in the zenith and nadir, at A and B. Fig. 27. 

THE TIDES. 

Fig. 27. 



aP4^ 







It has already been shown, under the article gravitation, 
that the Earth and Moon would fall towards each other, by 
the power of their mutual attraction, if there were no centri- 
fugal force to prevent them ; and that the Moon would fall 
as much faster towards the Earth than the Earth would fall 
towards the Moon, as the quantity of matter in the Earth is 
greater than the quantity of matter in the Moon. The same 
law determines also the size of their respective orbits around 
their common centre of gravity. 

If follows then, as we have seen, that the Moon docs not revolve, strict- 
ly speaking, around the Earth as a centre^ but around a point between them, 
which is 80 times nearer the Earth than tlie Moon, and consequemly is situ- 
ated about 3000 miles from the Earth's centre. It has ^so been shown, that 
all bodies moving in circles acquire a centrifugal force proportioned to their 
respective masses and velocity. From these facts, some philosophers account 

If the Earth and the Moon mutually attract each other with so much force, what pre- 
vents their coming toother? But centriiuga! jft>rce results only from circular motiont 
does the Earth then circulate around the Moon to acquire tiie centrifugal tbrce by which 
it is kent from falling upon the Moon 7 \Ahs. The Earth does not circulate around the 
Moon, but around the common centre of gravity between it and the Moon. 1 Wliere is tliis 
centre situated, ami in wliat time does the Earth revolve about it? lAns. TJie centre of 
gravity, between tiie Earth and Moon, ia ahovA 9000 miles from the Earth's centre, sround 
which It revolves every lunar month, or as often as the Moon revolves around the Earth.] 
From the fact of the Earth's motion, as in the case described^ how do some phUoso* 
phert account for high water on the tiie qfthe Eartfh opposite to the Moon t 
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Ibr high vnter on tho side of the Earth opposite to the Moon, in the followinf 
manner : 
As the Earth and Moon moVe around their common cerlfre of gravity, that 



?>ari of the Earth whicli is at any time turned from the Moon, heing aboat 
000 miles fartticr from the centre of gravity, than the side next the Moon, 
would have a greater centrifugal force than the side next her. At the Earth's 
centre, the centrifugal force will balance the attractive force ; therefore as 



would have a greater centrifugal force than the side next her. At the Earth's 

__..„!...„ ..„L J J „ ..J™l.„s«___._ J! .1. -^ ' 

from the Moon, as is raised oi; the side next her by her attraction. | 

From the universal law, that the force of gravity dimin- 
ishes as the square of the distance increases, it results, that 
the attractive power of the Moon decreases in intensity at 
every step of the descent from the zenith to the nadir ; and 
consequently that the waters on the zenith, being more at- 
tracted by the Moon than the Earth is at its centre, move 
faster towards the Moon than the Earth's centre does: And 
as the centre of the Earth moves faster towards the Moon 
than, the waters about the nadir do, the waters will be, as it 
were, left behind, and thus, with respect to the centre, they 
will be raised. 

The reason why the Earth and waters of our globe do not seem to be af- 
fected equally by the Moon's attraction, is, that the earthy substance of the 
globe, being firmly united, does not yield to any difference of the Moon's at* 
tractive force ; insomuch that its upper and lower surface must move equally 
fast towards the Moon ; whereas the waters, cohering together but very light- 
ly, yield to the different degrees of the Moon's attractive force, at different 
distances from her. 

The length of a lunar day, that is, of the interval from 
one meridian passage of the Moon to another, being, at a 
mean rate, 24 hours, 48 minutes and 44 seconds, the inter- 
val between the flux and the reflux of the sea is not, at a 
mean rate, precisely six hours, but twelve minutes an§ 
eleven seconds more, so that the time of high water does 
not happen at the same hour, but is about 49 midutes later 
every day. 

The Earth revolves on its axis in about twenty-four hours ; 
if the Moon, therefore, were stationary, the same part of our 
globe would return beneath it, and there would be two tides 
every twenty-four hours ; but while the Earth is turning once 
upon its axis, the Moon has gone forward 13° in her orbit-— 
which takes forty-nine minutes more before the same meri- 
dian is brought again directly under the Moon. And hence 
every succeeding day the time of high water will be forty- 
nine minutes later than the preceding. 

For example :— Suppose at anv place it be high water at 3 o'clock in the 
afternoon, upon the day of new Moon ; the following day it will be high water ' 
about 49 minutes after 3 ; the day after, about 3S minutes after 4; and so on. 

How is this phenomenon otherwise explained, by the laws of gravity, ra^ly t Are the 
Earth and waters ofthe globe affecte»i eqwUty, by the Moon's attract f on 7 Why not? 
What is the average interval between the Bux and reflux of the sea? What is the len^h 
of a lunar day, and of the interval of the flux end reflux of the sea? How i» this daily 
«tardation of the tides accounted for? QiM an example'i 
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tfl] the neit new Moon. The eiftct daily meui retardatton of tbe tidfet is thni 

determined : 
The mean motion of the Moon, In a aolar day. is 13°. 176^639 
The mean motion of the Sun, in a aolar day, in .98564722 

Now, aa 16° is to 60 minutes, so is 129. 19074917 to 48* 44". 

It is obvioas that the attraction of the Sun must produce 
upon the waters of the ocean a like effect to that of the 
Moon, though in a less degree ; for the great mass of the 
Sun is more than compensated by its immense distance. 
Nevertheless, its effect is considerable, and it can be shown, 
that the heignt of the solar tide is to the height of the lunar 
tide as ^ to 5. Hence the tides, though constant, are not 
equal. They are greatest when the Moon is in conjunction 
with, or in opposition to, the Sun, and least when in quad- 
rature. For in the former case, the Sun and Moon set to- 
gether, and the tide will equal the sum of the solar and lunar 
tides, and in the latter they act against each other, and the 
tide will be the difference. 

The former are called Spring Tides; the latter. Neap 
Tides. The spring tides are highest, when the Sun and 
Moon are near the equator, and the Moon at her least distance 
from the Earth. The neap tides are lowest, when the Moon 
in her first and second quarters is at her greatest distance 
from the Earth. The general theory of the tides is this: 
When the Moon is nearest the Earth, her attraction isstrong* 
est, and the tides are the highest ; when she is farthest 
from the Earth, her attraction is least, and the tides are th« 
lowest. 

From the above theory, it might be supposed that the tides 
would be the highest when the Moon was on the meridian. 
But it is found that in open seas, where the' water flows 
freely, the Moon has generally passed the north or south 
meridian about three hours, when it is high water. The 
reason is, that the force by which the Moon raises the tide 
continues to act, and consequently the waters continue to 
rise, after she has passed the meridian. 

For the same reason, the highest tides, which are pro- 
duced by the conjunction and opposition of the Sun and 
Moon, do not happen on the days of the full and change ; 
neither do the lowest tides happen on the days of their 
quadratures. — But the greatest spring tides commonly hap- 



Are the tidea uniformly high?. When, and on what eeconnt do they differ? What are 
these extreme tides called? When are the Kpring tides highest? When are the neap 
fades lowest J W hat m the general theory upon this suhject ? Does it necessarily rewilt 
from this theory, that the tide. is highest when the Moon ia on the meridian ? What leaaon 
is assigned for this 3 What similar &ct is accounted for upon the same principle 1 
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pen Ij- days after the new and fall Moons ; and the least 
neap tides 1 J days after the first and third quarters. 

The San and Moon, by reason of the elliptical form of their orbits, are al- 
I ternately nearer to and farther from the Earth, than their mean distances. 
In consequence of this, the efficacy of the Sun will fluctuate between the ex* 
tremes 19 and 21, taking 20 fyr its mean value, ajid between 43 and 59 for 
that of the Moon. Taking into account this cause of difference, the highest 
spring tide will be to tlie lowest neap as 59-f-2l is to 43—19, or as 80 to 24, 
or 10 to 3. Tile relative mean infliience is as 51 to 20, or as 5 to 2; nearly. — 
lfer8chel*a Astr. p. 339. 

Though the tides, in open seas^ are at the highest about 
three hours after the Moon has passed the meridian, yet the 
waters in their passage through shoals and channels, and by 
striking against capes and headlands, are so retarded that, 
to difierent places, the tides happen at all distances of the 
Moon from the meridian ; consequently at all hours of the 
lunar day. 

In small collections of water, the Moon acts at the same 
time on every part ; diminishing the gravity of the whole 
mass. On this account there are no sensible tides in lakes, 
they being generally so small that when the Moon is verti- 
cal, it attracts every part alike ; and by rendering all the 
waters equally light, no part of them can be raised higher 
than another. The Mediterranean and Baltic Seas have 
very small elevations, partly for this reason, and partly be- 
cause the inlets by which they communicate with the ocean 
are so narrow, that they cannot, in so short a time, either 
receive or discharge enough, sensibly to raise or sink their 
surfaces. 

Of all the causes of difference in the height of tides at 
different places, by far the greatest is local situation. In 
wide-mouthed rivers, opening in the direction of the stream 
of the tides, and whose channels are growing gradually 
narrower, the water is accumulated by the contracting 
banks, until in some instances it rises to the height of 20, 
30, and even 50 feet. 

Air being lighter than water, and the surface of the at- 
mosphere being nearer to the Moon than the surface of the 
sea, it cannot be doubted but that the Moon raises much 
higher tides in the atmosphere than in the sea. According 
to Sir John Herschel these tides are, by very, delicate ob- 
servations, rendered not only sensible, but measurable. 

Upon the supposition that the waters on the surface of the Moon are of 

What is the comparative force of the aoUir and lunar attraction upon the Earth f 
To what 19 owing the great difi^rence in the timo of hJgli water at planes lying under the 
same meridian} Why are there no tides upon lakes, and sinall oollections of water? 
To wbat cause, more than to all otheis, is the dif&rent height of tides owing? Erolam 
this. Is it probable that the Moon exerts any influence of attraction on the atmosphere 1 
Why is it probable? Are the atmMpberic tiOm suiSciently sensible to be appceeiated? 

24 
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the same fpecifie gravity as our own, we might easily determine the height 
to which the Earth would raise a lunar tide, by the Iknown principle, that the 
attraction of one of thetie bodies on the other's surface is directly aa Its 
quantity of matter, and invenely as its diameter. By maldng the calculation^ 
we shall find the attractive power of the Earth upon the Moon to be 21.777 
times greater than that of the Moon upon the Earth. 



CHAPTER XXIII. 

rBE*8EA90NS — DIFFERENT LENQTBS OF THE DAYS AND NIGHTS. 

The vicissitudes of the seasons and the unequal lengths 
of the days {ind nights, are occasioned bjr the annual revo- 
lution of the Earth around the Sun, with its axis inclined to 
the plane of its orbit. 

The temperature of any part of the Earth's surface depends 
mainly, if not entirely, upon its exposure to the Sun's rays. 
Whenever the Sun is above the horizon of any place, that 
place is receiving heat; when the Sun is below the horizon 
It is parting with it, by a process which is called radiation. 
The quantities of heat thus received and imparted in the 
course of the year, must balance each other at every place, 
or the equilibrium of temperature would not be supported. 

Whenever, then, the Sun remains more than twelve hours 
above the horizon of any place, and less beneath, the gen- 
eral temperature of that place will be above the mean state j 
when the reverse takes place, the temperature, ior the same 
reason, will be below the mean state. Now the continuance 
of the Sun above the horizon of any place, depends entirely 
upon his declination, or altitude at noon. About the 20in 
of March, when the Sun is in the vernal equinox, and con- 
sequently has no declination, he rise's at six in the morning 
and sets at six in the evening; the day and night are then 
equal, and as the Sun continues as long above our horizon 
as below it, his influence must be nearly the same at the 
same latitudes, in both hemispheres. 

From the 20th of March to the 21st of June, the days 
grow longer, and the nights shorter, in the northern hemis- 
phere the temperature increases, and we pass from spring 
to mid-summer ; while the reverse of this takes place in the 

Hotomuch erefteri8t?u attrttctive potper of the Earth npontfie Moon, t/um that of 
the Moan vpon the Rirth I What occasions the vicissitudes of the seasons, and tho un- 
equal lengths of the days and nights? Upon what does the temperature at diiferent piacea 
depend ? U nd«- what circumstances do the same places change their temperature ? Are 
tfie quantities of heat, received and imparted, every year, always equal at tlie same places I 
Why IS It so ? When is the temperature of a place abwe, and when is it below ita mean 
■tate? Upon what does the continuance of the Sun above the horizon of any place, de- 
pend? When is the Sun as long above our horizon as below it? Diiniig what season of 
the year is the temperature increasing} 
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froutnem hemisphere. From the 21st of June to the 23d of 
Septemher, the days and nights again approach to eq^uality, 
^nd the excess of temperature in the northern hemisphere 
above the mean state, grows less, as also its defect in the 
southern ; so that, when the Sun arrives at the autumnal 
equinox, the mean temperature is again restored. From 
the 23d of September until the 21st of December, our nights , 
grow longer and the days shorter, and the cold increases as 
before it diminished, while we pass from autumn to mid- 
winter, in the northern hemisphere, and the inhabitants of 
the southern hemisphere from spring to mid-summer. From 
the 21st of December to the 20th of March, the cold relaxes 
as the days grow longer, and we pass from the dreariness of 
winter to the mildness of spring, when the seasons are com- 
pleted, and the mean temperature is again restored. The 
same vicissitudes transpire, at the same time, in the southern 
hemisphere, but in a contrary order. — Thus are produced 
the four seasons of the year. 

But I have stated not the only, nor, perhaps, the most 
efficient cause in producing the heat of summer and the cold 
of winter. If, to the inhabitants of the equator, the Sun 
were to remain 16 hours below their horizon, and only 8 
hours above it, for every day of the year, it is certain they 
would never experience the rigours of our winter; since it 
can be demonstrated, that as much heat falls upon the same 
area from a vertical Sun in 8 hours, as would fall from him 
at an angle of 60^, in 16 hours. 

Now as the Sun's rays fall most obliquely when the days 
are shortest^ and most directly when the days are longest. 
these two causes, namely, the duration and intensity of 
the solar heat, together, produce the temperature of the dif- 
ferent seasons. The reason why we have not the hottest 
temperature when the days are longest, and the cold- 
est temperature when the days are shortest, but in each 
case about a- month afterwards, appears to be, that a body 
once heated, does not grow cold instantaneously, but grad- 
ually, and so of the contrary. Hence, as long as more heat 
comes from the Sun by day than is lost by night, the heat 
will increase, and vice versa. 



What, at the same time, takes place in regard to the temperatare, in the southeni 
hemisphere ? During what portion of tlie year is the temperature decreasing ? For what 
reason ? During what portion of the year is the cold increasinc 7 Why is it so ? What 
change of seascms, then, takes place, in the northern and southern hemisphere 7 What 
other changes complete the seasons of the year? Wiienee is it evident that the unequal 
lengths of the days and nights are nut the only, nor perhapa the most efficient cause of tha 
heat of summer, and the cold of winter? What two causes produce the greatest 
idctssitudes of heat and cold? Why, theni do we not have the hottest weather wfaea 
the days are longest, and the oontnry ) 
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BBGINMIHa AMD LENGTH OF THE SBAflOKS. 

h. m. S. 
Sun enters V5 (Winter begins) 1833, Dec. 21st, 7 25 46 M. T. Wask. 
" " «f (Spring *^ ) 1834, March 20,8 56 38 « « 
" " a (Summer" ) " June21st,6 3 9 " « 
" " t£i: (Autumn" ) " Sept 22d, 1958 2r « « 
it «c V5 (Winter « ) " Dec. 21, 132157 « « 

d. h. m. 



Son in the Winter Signs .... 89 1 30 62 ' 

" " Spring .... 9221 631 1 

" " Summer .... 93 13 55 22 , 

« « Autumn 89 17 23 26 ' 

"north of Equator (Spring and Summer) 186 11 1 63 i 

"south " (Winter and Autunui) 178 18 54 13 

Longest north of the equator, . 7 16 7 36 



Longest 
iiigth of 



Length of the tropical year, beginning at ) 
the winter solstice 1$33, and ending at V 366 5 56 11 
the winter solstice 1834, ) 

Mean or average length of the tropical year, 366 5 48 48 

T^e north pole of the Earth is denominated the elevated 
polei because it is always about 23^^ above a perpendicular 
to the plane of the equaton and the south pole is denomfna* 
ted the depressed pole, because it is about the same distance 
below such perpendicular, f 

f As the Sun cannot shine on more than one half the Earth's 
surface at a time, it is plain, that when the Earth is moving 
through that portion of jts orbit which lies above the Sun, the 
elevated pole is in the dark. This requires six months, that 
is, until the Earth arrives at the equinox, when the elevated 
pole emerges into the light, and the depressed pole is turned 
away from the Sun for toe same period. Consequently, 
there are six months day and six months night, alternately, 
at the poles. J 

When the Sun appears to us to be in one part of the ecljp- 
tic, the Earth, as seen from the Sun, appears in the poinjrdi- 
ametricalljr opposite. jThus, when the Sun appears in the 
vernal equinox at the first point of Aries, the Earth is actu- 
ally in the opposite equinox at Libra. iThe days and nights 
are then equal all over the world. , S 

As the Sun appears to move up from the vernal equinox 
to the summer solstice, the Earth actually moves from the 
autumnal equinox down to the winter solstice. -The days 
now lengthen in the northern hemisphere, and shorten in the 
southern. /The Sun is now over the north pole, where it is, 
mjd-day, and opposite the south pole, where it is mid-night. • 

Why is the nortli pole denominated the elevated pole? Whv is the south polo denomi- 
nated the depressed polo ? Why are there six months day and six month niglit, aitematelr* 
at the poles ? What is always the relative position of the Sun and Earth in the ecliptic? 
Give an example. When do the days lengthen in the northern hemisphere, and shorten in 
the southern } When u it nud-dajat the north polo, an4 mid-nifl^t at the soatfa) 



/ 
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As the Sun descends from' the summer solstice towards 
the autumnal equinox, the Earth ascends from the winter 
solstice towards the vernal equinox.^ The summer days in 
the northern hemisphere having waxed shorter and shorter, 
now hecome again of equal length in both hemispheres. ) 

While the Sun appears to move from the autumnal eqiai- 
nox down to the winter solstice, the Earth passes up from 
the vernal equinox to the summer solstice ; the south pole 
comes into the- light, the winter days continually shorten in 
the northern hemisphere, and the summer days as regularly 
ijAcrease in length in the southern hemisphere. 
/ While the Sun appears again to ascend from its winter 
'solstice to the vernal equino3 the Earth descends from the 
summer solstice to the auti/nnal equinox. The summer 
days now shorten in the southern hemisphere, and the win- 
ter days lengthen in the northern hemisphere. 
/ When the Sun passes the vernal equinox, it rises to the 
trctic or elevated pole, apd sets to the antarctic pole. AVhen 
the Sun arrives at the/summer solstice/ it is noonr at the 
north pole, and midni^t at the south pole. When the Sun 
passes thqf autumnal equinox^jt sets to the north pole, and 
rises to the south pole. When the Sun arrives at the win- 
ter solstice, it is midnight at the north pole, and noon at the 
south pole ; and when the Sun comes again to the vernal 
equinox, it closes the day at the south pole, and lights up 
the morning at the north pole. , . -w 

There would, therefore, be/186^ dayslduring which the 
Sun would not set at the north pole, and 'an equal lirqe du- 
ring which he would not rise at the south pole ; and 178^! 
days in which he would not set at the south pole, nor rise 
at the north pole. 

At the arctic circle, 23° 27^' from the pole, the longest 
day is 24 hours, and goes on increasing as you approach the 
pole. In latitude 67^° 18' it is 30 days; in lat. 69° 30' it is 
60 days. &c. (See Table XII.) The same takes place be- 
tween the antarctic circle and the south pole, with the ex- 
ception, that the day in the same latitude south is a Uittle 
shorter, since the Sun is not so long s'^uth of the equator, 
as at th«e north of it. In this estimate no account is taken 
of the refraction of the atmosphere, which, as we shall 

When do the BUmmer days in the northern hemisphere grow shorter and sliorter? When 
do they become of equal length in both hemispheres? - When do the winter days shorten 
in the northern hemisphere, and the summer days lengthen in the southern ? When do 
the summer days shorten in the southern hemisphere, and the winter days lengthen in the 
northern? When does the sun rise to the nurth pole, and set to the south? When is it 
noon at the north pole, and mid-night at the south pole? When does the Sun set at the 
north pole, and rise to the south ? When is it mid-mght at the north pole, and noon at the 
■oath ? What is the length of the da y at the north pole ? What at the south pole ? At 
the arctic circle ) Between the antarctic circle and the pole? 

24* 
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■e« hereafter, increases the length of the daf^ hy making 
the Sun appear more elevated ahove the horizon than it real- 
ly is. 



TilE 8EA80X8 — ^tTNEQUAL LENGTHS OF DAYS AND NIGHTS. I 

Fig. 28. 




The above cut represents the inclination of the Earth's axis to its orbit in 
every one of the twelve signs of the ecliptic, and consequently for each 
month in the year. The Sun enters the sign Ariesj or the vernal equinox, on 
the 20th of March, when the Earth's axis inclines neither towards the Sun, nor 
from it, but sideteays to it; so that the Sun then shines equally upon the 
Earth from pole to pole, and the days and nights are everv where equal. 
This is tho beginning of the astronomical year ; it is also the beginning of 
day at the north poiej which is just coming into light, and the end of day at 
the south pole, which is just going into dartcncss. 

By the Earth's orbit ual progress, the Sun appears to enter the second sign, 
Taui-ua, on the 20th of April, when the north pole, iV, has sensibly advanced 
hito the light, while the south pole, <S; has been declining from it ; whereby 
the days become longer than the nights in the Northern Hemisphere, and 
shorter in the Southern. 

On the 21st of May, the Sun appears to enter the sign Gemini, when the 
north pole, N, has advanced considerably further into the light, while the 
soutli pole, ;^.has proportionally declined from it : the summer days are now 
waxing longer in the Northern Hemisphere, and the nights shorter. * 

The 2l8t of June, when the Sun enters the sign Cancer, is ttie first day of 
summer, in the astronomical year, and the longest day in Hie Northern Hernia* 
pliere. The north pole now has its greatest inclination to the Sun, the 
light of which, as is shown by the boundary of liglu «nd darkness, in the 
figure, extends to the utmost verge of the Arctic Circfe; the whole of which 
is included in the enlightened hemisphere of the Earth, and enjoys, at this 
season, constant day during the complete revolution of the Earth on its axis. 
The whole of the Northern Frigid Zone is now in the circle of perpetual illu- 
mination. 

On the 23d of July, the Sun enters the sign Zea,and as the line of the 
.Earth's axis always contmues parallel to Itself the boundary of light and 
daricness begins to approach nearer to the polesi and the length of we day, 
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In the Northern Hemisphere, which had arrived at ita maximum, begins 
gradually to decrease. On the 23d of August, the Sun entecs the 6ign Virgo, 
increasing the appearances mentioned in Leo. 

On tlie 23U of tSepteuiber, the Sun enters Libra, the first of the autumnal 
isigns, when the Earth's axis, having the same inclination as it had in the op- . 
posite sign, Aries, is turned neither /rom the Sun, nor towards it, but oblique- 
ly to it, so that the Sun again now sbuies equally upon the whole of the Earth's I 
surface from polo to pole. The days and nights are once more of equal i 
length throughout the world. 

On the 23d of October, the Sun enters the sign Scorpio ; the days visibly 
decrease in length in the Northern Hemisphere, and increase in tlie South- 
ern. 

On the 22d of November, the Sun enters the sign Sagittarius, the last of 
the autumnal signs, at which time the boundary of light and darkness is at 
a considerable distance from the north pole, while the south pole has pro- 
portionally advanced hito the light ; the length of the day continues to increase 
in the Southern Hemisphere, and to decrease in the Northern. 

On the 2lst of December, which is the period of the winter solstice, the 
Sun enters the sign Capricorn. At this time, the north pole of the Earth'g 
axis is turned from the-JSun, into perpetual darkness ; while the south pole, 
in its turn, is brought into the light of the Sun, whereby the whole Antarctic 
region comes into the circle of perpetual illumination. It is now that the 
Southern Hemisphere enjoys all those advantages with which the Northern 
Hemisfihere was favoured on the 21 st of June; while the Northern Hemis- 
phere, in its turn, undergoes the dreariness of winter, with short days and long 
nights. 



CHAPTER XXIV. 

HARVEST MOON — HORIZONTAL MOON. 

The daily progress of the Moon in her orbit, from west 
to east, causes her to rise, at a mean rate^48 minutes and 
44 seconds I later every day than on the preceding. But 
in places m considerable latitude) a remarkably deviation 
from this rule takes place, /tspedially about the time of 
harvest, when the full Moon rises to us for several nights 
together, oitly from 18 to 25 minutes later in one day, than 
on that immediately preceding. From the benefit which 
her light alTords, in lengthening out the day, when the hus- 
bandmen are gathering in the fruits of the Earth, the full 
moon, under these circumstances, has acquired the name of 
Harvest Moon, . 

It is believed that this fact was observed by persons engaged in' agriculture, 
' at a mucit earlier period than that in which it was noticed by ftstronomers. 
The former ascribed it to the goodness of the Deit/; not doubting but that 
be tiad so ordered it for their advantage. 

About the equator, the Moon rises throughout the year 
with nearly the equal intervals of 48|- minutes 'J and there 
the harvest moon is unknown. ' 

What ia the mean difference of time in the daily rising of the Moon 1 Under wliat dr- 
eumataoces ig there a material deviation from tlija nile ? Wlieace tbe name of Harvest 
Moon 7 By whom was this phenomenon fir^t observeit and to what did Guy attribuU 
U9 Why to the Harvest Moon unknown at the equator) 
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At the polar circles, the autumnal full Moon, from her first 
to her third quarter, rises as the Sun sets ; and at the poles, 
where the Sun is absent during one half of the year, the 
ivinter full Moons, from the first to the third quarter, shine 
constantly without setting. 

Bj this, it is not meant tliat the Moon eontintus full from her first to her 
third quarter ; but that she never sets to the North Polar regions, when, at 
this season of the year, she is within 90° of that point in her orbit where 
' she is at her fuU. In other words : as the Sun illumines the south pole 
during one half of its yearly revolution, so the Moon, being opposite to the 
Sun at her full, must ilJumioe the oppotite pole^ during half of her revolution 
about the Earth. The phenomenon of the harvest Moon may be thus exem* 
plified bv means of the globe : 

Rectinr the globe to the latitude of the place, put a patch or piece of wa- 
fer in the ecliptic, on the point Aries, and mark every 129 preceding and 
following that point, to the number of ten or twelve marlcs on each side 
of it ; brin^ the equinoctial [Kilnt martced by the wafer to the eastern edge 
of the honzoB, and set the index to 12 ; turn the globe westward till the 
other marke successively come to the horizon, and observe the hours passed 
over by the index ; the mtervals of time between the marks coining to the 
horizon, will show the diurnal difference of time between the Moon's rieing. 
If these marks be brought to the western edge of the horizon in the same 
manner, it will show the diurnal difference between the Moon's setting. 

From this problem it will also appear, that, when there is the least difference 
between the times of the Moon's risings there will be the greatest difference 
between the times of her setting^ and the contrary. 

The reason why you mark every 12^ is, that the Moon gains 12° 11' 
on the apparent coarse of the Sun every day, and these marks serve to 
denote the place of the Moon from day to day. It is true, this process sup- 
poses that the Moon revolves in the plane of the ecUptie, which is not th» 
case ; yet her orbit so nearly coincides with the ecliptic, (differing only 
6^ 9^ from it,) that they may, for the convenience of illustration, be consid- 
ered as coinciding ; that is, we may take the ecliptic for the representative 
of the Moon's orbit. 

The difierent lengths of the lunar night, at different lati- 
tudes, is owing to the different angles made by the' horizon 
and different parts of the Moon's orbit; or in other words, 
by the Moon's orbit lying sometimes more oblique to the 
horizon than at others. In the latitude of London, for ex- 
ample, as much of the ecliptic rises about Pisces and Aries 
in two hours as the Moon goes through in six days ; there- 
fore while the Moon is in these signs, she differs but two 
hours in rising for six days together; that is, one day with 
another, she rises about 20 minutes later every day than on 
the preceding. 

The parts or signs of the ecliptic which rise with the 
smallest angles, set with the greatest ; and those which rise 
with the greatest, set with the least. And whenever this 
angle is least, a greater portion of the ecliptic rises in equal 
times than when the angle is larger. Therefore, when the 

riow i« it at the polar circles, and the polet 7 What U meant by the full Moon'e 
ehintngfrom tfujitret to the third quarter? How may the phenomenon he exempts 
Jled by mean* qfthe artifictal globe 7 Why do you mark every VP of the ecliptic m 
^•problem? ]1^hatf>efthi»vroeM9 or illustration suppose, whtch is nottruS, 
^tohy is it adopted! To what u the d%rent hsnrtbsjcf tfie lunar night, in difierent 
^itf&'aSml aSB.'iS'K^iiitiS? ^'^^•^^ «c«P"c eet. which rim 
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Moon is in those signs which rise or set with the smallest 
angles, she rises or sets with the least difference of time ; 
but when she is in those signs which rise or set with the 
greatest angles, she rises or sets with the greatest differ- 
ence of time. 

Let the globe, for example, be rectified to the latitude of New York, 
40° 42' 40", with Cancer on the meridian, and Libra rising in the east. In 
this position, the ecliptic has a high elevation, making an angle with the ho* 
rlzon of 72^0. 

But let the globe be turned half round on its axis, till Capricorn comes 
to the meridian, and Aries rises in the east, then the ecliptic will have a 
low elevation above the horizon, maiciog an angle with it of only 25^°. This 
angle is 47*^ less than the former angle, and is equal to the distance between 
the tropics. 

In northern latitudes, the smallest angle made by the 
ecliptic and horizon, is when Aries rises ; at which time 
Libra sets ; the greatest is, when Libra rises and Aries sets. 
The ecliptic rises fastest about Aries, and slowest about 
Libra. Though Pisces and Aries make an angle of only 
25^-^ with the horizon when they rise, to those who live in 
the latitude of New York, yet the same signs, when they 
set, make an angle of 72 j^^. The daily difference of the 
Moon's rising, when in these signs, is, in New England, 
about 22 minutes ; but when she is in the opposite signs, 
Virgo and Libra, the daily difference of her rising is al- 
most four times as great, being about one hour and a 
quarter. 

As the Moon can never be full but when she is opposite 
to the Sun, and the Sun is never in Virgo or Libra except 
in our autumnal months, September and October, it is evident 
that the Moon is never full in the opposite signs, Pisces and 
Aries, except in those two months. We can therefore have 
only two full Moons in a year, which rise, for a week togeth- 
er, very near the time ol sun-set. — The former of these is 
called the Harvest Moon, and the latter, the Hunters Moon, 

Although there can be but two full Moons in the year 
that rise with so little variation of time, yet the phenomenon 
of the Moon's rising for a week together so nearly at the 
same time, occurs every month, in some part of her course 
or the other. 

In Winter^ the signs Pisces and Aries rise abotU no<m ; hence the rising of 
tlio Moon is not then regarded nor perceived. 

In Springs these signs rue with the Sun^ because he is then in them ; and 
as ttie Moon changes wtiile pa.ssing throusli the same sign with the Sun, it 
must then be the change^ and hence invisible. 

Wiiat resulta from this in regard to the Moon 7 ffotP may this be illtutrated on tht 
globe t In nortliem latitudes; what signs rise and set with the least angles 7 What with 
Che greatest? What parts ot the ecliptic rise fiutest, and which slowest? Give an ax- 
am{^e. What is the daily difference uf the Moon's rising and settinf;, in these Mgps, in 
the latitade of New York ) How many full Moons in a year, which nso with so little dif> 
fcrence of time 7 Why are not (he$6 ^unomena observed in the eame signe, in Win- 
Ur, Bpnngi and Summer f 
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In Summer^ thej rite about mfdnight, when the Moon is in her third quar- 
ter. On account of her rising so lace, and giving but h'ttle light, her rising 
paasea unobserved. 

To the inbabitaDts at the equator, the north and south 
poles appear in the horizon ; and therefore the ecliptic makes 
the same angle southward with the horizon when Aries rises, 
as it does northward when Libra rises; consequently the 
Moon rises and sets not only with angles nearly equal, but 
at equal intervals of time, all the year round: Hence, there 
is no harvest Moon at the equator. The farther any place 
is from the equator, if it be not be)[ond the polar circles, the 
angle Avhich the ecliptic makes with the horizon gradually 
diminishes when Pisces and Aries rise. 

Although in northern latitudes, the autumnal full Moons 
are in Pisces and Aries ; yet in southern latitudes it is just 
the reverse, because the seasons are so : — for Virgo and 
Libra rise at as small angles with the horizon in southern 
latitudes, as Pisces and Aries do in the northern ; and there- 
fore the harvest Moons are just as regular on one side of the 
equator as on the other. 

At the polar circles, the full Moon neither rises in summer, 
nor sets m winter. For the winter full Moon being as high 
in the ecliptic as the summer Sun, she must continue, while 
passing through the northern signs, above the horizon ; and 
the summer uill Moon being as low in the ecliptic as the 
winter Sun, can no more rise, when passing through the 
southern signs, than he does. 

The horizontal Moon. — The great apparent magnitude 

of the Moon, and indeed of the Sun, at rising and setting, is 

a phenomenon which has greatly embarrassed almost all 

who have endeavoured to account for it. According to the 

ordinary laws of vision, they should appear to be least when 

nearest the horizon, being then farthest from the eye ; and 

yet the reverse of this is found to be true. The apparent 

diameter of the Moon, when viewed in the horizon by the 

naked eye, is two or three times larger than when at the 

I altitude of thirty or forty degrees ; &nd yet when measured 

, by an instrument her diameter is not increased at all. 

! Both the Sun and the Moon subtend a greater angle when on the nieridi> 

{ an, than they do in tlio horison, because they are then actually nearer the 

place of the spectator, by the whole setni-diaineter of the Eartli. 



Explain why there is no Harvest Moon at the equator. Tlie farther any place is from 
the equator, how is the aniris between the ecliptic and the horizon, w}v?n Pisces and 
Aries rise? Do the Harvest 'Moons Imppen as regularly, and in the same months, on tlio 
south side of the equator, as on the north I Why does not tli? full Moon rise in summer, 
DOT set in winter, to the inhabitants of the polar circles ? According to the ordinary lawa 
of vision, how ought the magnitudes of the Sun and Moon to appear, wlien tlicy are near- 
est the horizon? What is the fact? How much larger does tlie Moon appear to the 
naked eye, when m the honzon. than when at the altitude of tliirty or tbrty degreeel 
Wwt, in realUsf, do tht Sun and Moon nOtend the largest angle? Whj/ isUeoi 
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This apparent increase of magnitude in the horizontal 
Moon, is chiefly an optical illusion, produced hy the concar- 
ity of the heavens appearing to the eye to he a less portion 
of a spherical surface than a (hemisphere. The eye is ac- 
customed to estimate the distance hetween any two ohjects 
in the heavens hy the quantity of sky that appears to lie he- 
tween them ; as upon the Earth we estimate it hy the quan- 
tity of ground that lies between them. Now when the Sun 
or Moon is just emerging above the eastern horizon, or 
sinking beneath the western, the distance of the intervening 
landscape over which they are seen, contributes, together 
with the refraction of the atmosphere, to exaggerate our 
estimate of their real magnitudes. 



CHAPTER XXV. 

il 

REFRACTION — TWILIGHT. 

The rays of light in passing out of one medium into ano- 
ther of a different density, deviate from a straight course 5 
and if the densit]^of the latter medium continually increase, 
the rays of light m passing through it, will deviate more and 
more from a right line towards a curve, in passing to the eye 
of an observer. From this cause all the heavenly bodies, 
except when in the zenith, appear higher than they really 
are. This bending of the rays of light, giving to the lieaven- 
ly bodies an apparent elevation above their true places, is 
called Befra^ction, 

It is in consequence of the refracting power of the atmos- 
phere that all heavenly bodies are seen for a short time be- 
fore they rise in the horizon, and also after they have sunk 
below it. At some period^ of the year the Sun appears 5 
minutes longer, morning and evening, and about 3-}- minutes 
longer every day, at a mean rate, than he would do were 
there no refraction. The average amount of refraction for 
an object half way between the horizon and the zenith, or 
"^ at an apparent altitude of 45^, is but one sixtieth of a degree, 
a quantity hardly sensible to the naked eye; but at the visi- 
ble horizon it amounts to 33' of a degree, which is rather 

How u the apparent increase of magnitude in the horisontal Moon, acoowited fiwl 
Row are tlie rayi of light affected in passing out of one roedium into another, of a diSSer- 
ent density i How, if the density of the latter medium continually increase 7 What a»> 
tronomicai phenomenon results from this cause? What is this bending of the rays of 
ligbtout of their course called? What effect does refraction have upon the apparent 
rising and setting of the heavenly bodies ? How much longer do ive see the Sun, morainf 
and evening, than we should, if there were no tefiaction ? What is the aYsrage amoui^ 
ofrefraction for an obtiect halfway between the horizon and UMaemtlU Wtatiaitftt 
ihebOTizon) 
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more than the g^atest apparent diameter of either the San 
or the Moon. 

Hence it follows, that when we see the lower edge of the 

I San or Moon just apparently resting on the horizon, their 

! whole disc is in reality below it, and would be entirely out 

of sight and concealed by the convexity of the Earth, but for 

the landing, which the rays of light have undergone in their 

passage through the air to tb# observer's eye. 

The following; general notions of its amount, and law of 
variations, should be borne in mind : 

1. In the zenith there is no refraction ; a celestial object, 
situated directly over head, is seen in its true position, as il 
there were no atmosphere. 

2. In descending from the zenith to the horizon, the refrac- 
tion continually increases ; objects near the horizon appear- 
ing more elevated by it than those of di higher altitude. 

3. The rate of its increase is nearly in proportk)n to the 
apparent angular distance of the object from the zenith. 
But this rule, which is not far from the' truth, at moderate 
zenith distances^ ceases to give correct results in the vicinity 
of the horizon, where the law becomes much more compli- 
cated in its expression. ' ^ 

Tho effects of refraction must be fomiliar to every person who has seen 
ft walking stick partially planged into a river, or other collection of water. 
While the slick is held upright, it appears straight, as usual, because there 
is no refraction in this position ; but if it be ever so little inclined, the re* 
fraction takes place, and the stick appears bent ; if the inclination be in* 
creased, the refraction is also increased. 

Another easy and familiar illustration of the effect of refraction may be 
thus obtained : — Pat any small object, as a piece of money, into an empty 
basin, as near the centre as possible, and retire to such a distance as just to 



lose sisht of the object. Let an assistant then pour water in the basin, and 

'" ibje( " ■'* ~ • • " ' 

* R added, and It will again appear. Tne experiment ni 
111 the basin is full. The edge of the basin may be suppose 
represent the horizon ; the water, the atmosphere ; and the piece of money, 



the object will soon appear. Retire again till it is no longer seen ; let more 
water be added, and it will again appear. The experiment may be re« 
peated till the basin is full. The edge of the basin may be supposed to 



the Sun, or other object which is thus made to appear by the power of re- 
fraction, when otherwise it would be invisible. 

It follows from this, that one obvious effect of refraction 
must be to shorten the duration of night and darkness, by 
prolonging the apparent stay of the Sun and Moon above 
the horizon. But even after they appear to have set, the in- 
fluence of the atmosi)here still continues to send us a portion 
of their light ; not, indeed, by direct transmission, but by 
reflection : — for as long as the Sun continues to illuminate 

What intcTPsting facts l^Pult.fmm this truth ? Whnt is the firat ireneml law of atmos- 
pheric n'trnction) WhnMs t!ie serond general Inw? What is tlie third? Mention a 
faaniliiir iruuuice qf refraction qften teen in water. Mention aomefumiHar experi- 
ment, to illustrate refr^mUm, and ehow itaxmplioation to oetronomy? How <k)ea 
this imnciple a^ the dnmtioii of noctuinal darkneM 7 By what principle is it that the 
giyp to BBgidaaaaporliooof the solar light, % a connderafale tiin* befim tlae Son 
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any portion of the atmosphere which is aboTe the horizon^ 
the light from this portion is reflected to the Earth, and it is 
this that causes twilight. 

In the morning, when the Sun arrives at 18^ below the 
horizon, his rays pass over our heads into the higher region 
of the atmosphere, and are thence reflected^ or as it were, 
bent down to the Earth. The day^ is then said to davm, and 
the light gradually increases until the Sun appears above 
the horizon : this is called Morning Twilight, or Aurora. 
which the heathens personified as a goddess. They assigned 
to her the office of opening the Gates of the East, to intro- 
duce the chariot of Apollo or Phashus, 

In the evening, after sunset, the rays of the Sun continue 
to illuminate the atmosphere, till he sinks 18^ below the 
horizon, and a similar effect, called the Evening Thoilighty 
is produced, only in an inverse professions for the twilight 
now gradually becomes fainter till it is lost in dark night. 

The quantity of reflection and the duration of twilight are 
much influenced by the changes which are perpetually tak- 
ing place with respect to the heat and cold, the dryness or 
moisture, dbc. of the atmosphere. The height of the atmos- 
phere, also, has an influence in determining the duration of 
twilight : Thus in winter, when the air is condensed with 
cold, and the atmosphere upon that account lower, the twi- 
light will he shorter s and in summer, when the limits of the 
atmosphere are extended by the rarefaction and dilation of 
the air of which it consists, the duration of the twilight will 
be longer. And for the same reason, the morning twilight, 
(the air being at that time condensed and contracted by the 
cold of the preceding night,) will be shorter than the even- 
ing twilight, when the air is more dilated and expanded. 

It is entirely owing to the reflecting power of the atmos- 
phere that the heavens appear oright in the day time. ,For 
without such a power, only that part of the heavens would 
be luminous in which the Sun is placed ; and, if we should 
turn our backs to the Sun, the whole heavens would appear 
as dark as in the night, and the stars, even at noon day, 
would be seen as clear as in the nocturnal sky. 

In regions of the Earth situated towards the poles, the 
Sun, during theii summer months, is never more than 18^ 
below the horizon ; consequently their twilight continues 

What is Tiellight 7 How is it oecaaioned 7 How is (he Evening Twilisfit imduoed? 
By what are the quantity of reflection, and the duration of twilight, oonsiderabljr infln- 
enoed) Why is twilicfatthorter in winter? Why loofer in pimmerl Why is the mom- 
int twihcfat •holier than the eveninr twilicht? To vOmt Sit entiidy owiDf . that tba 
heavens appear bciaht in Um day time ? How would w heavens anM>r. if it wtra not- 
furihispower) What ai« the dnnrtkm and advantagca of twilightiiiUiS^ 
25 
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during the whole night The same cause has a tendenef 

to diminish the gloom of the long polar nights ; for as far 

north as in lat. S® 32 j-' the Sua even when at the winter 

solstice approaches to within 18^ of the horizon, and affords 

' a short twilight once in 24 hours, and the pole itself is left 

' in total darkness not more than 80 days. 

I There is still another cause which has a tendency to di- 

i minish the length of the polar nights, the extraordinary 

; refraction oceasioned by the extreme density of the air in 

I those regions. This is so great, as to bring the Sun above the 

horizon some days before it should appear, according to 

calculation. 

A remarkable phenomenon of this kind was observed by the Dutch navi- 
gators who wintered in Nova Zembla, in the year 1G96. After enduring m 
continual night of three nutntha^ they were agreeably surprised to find that 
the Bun began to rise aeventeen days sooner than aceording to computation ! 
The observed altttude of the pole, at the place, (says Dr. ^iitfa,> being only 
76<>, It is impooirible to account for the phenomenon, otherwise, than by sup* 
posing an extraordinary refraction of the Sun's rays. * Kepler computes that 
the Sun was almost 6° below the horizon when he first appeared ; and con- 
•touently, thai the refiractSoa of his rays was about 10 times greater tbaa 



CHAPTER XXVI. 

AJDRORA BOREALIS. 

The sublime and beautiful phenomena presented by the 
Aurora Borealis, or Northern Lights, as they are called, 
have been in all ages a source of admiration and wonder 
alike to the peasant and the philosopher. In the regions of 
the north, they are regarded by the ignorant with supersti- 
tious dread, as harbingers of evil t while all agree an placing 
them among the unexplained wonders of nature. I 

These lights, or meteoric coruscations, are mofe brilliant 
in the arctic regions, appearing mostly in the winter season 
and in f roster weather. They commonly appear at twilight 
near the horizon, and sometimes continue in that state for 
several hours without any sensible motion; after which 
they send forth streams of stronger light, shooting with 
great velocity up to the zenith, emulating, not unfrequently, 
the lightniDg in vividness, and the rainbow in colouring; and 
again, silently rising in a compact majestic arch of steady 

R^e a remarkable pkmcmenon ofthU kind. How are the phenomena of fte Au- 
mra Borealis legaided by tlie ignorant? In what do aU agree, respecting them 7 Wheitt 
are theM appearances mnt fiequent and brfltiant? DM^ibe the t^ios and manner of 
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white light, apparently durable and immoyeable, and yet' so 
evanescent, that while the beholder looks upon it, it is gone. 

At other times, they cover the whole hemisphere with 
their flickering and fantastic coruscations. On these oc- 
casions their motions are amazingly quick, and they aston- 
ish the spectator with rapid changes oif form. They break* 
out in places where none were seen before, skimming brisk- 
ly along the heavens ; then they are suddenly extinguished, 
leaving behind a uniform dusky track, which, again, is bril- 
liantly illuminated in the same manner, and as suddenly left 
a dull blank. Some nights they assume the appearance of 
vast columns ; exhibiting on one side tints of the deepest 
yellow, and on the other, melting away till tbey become un- 
distinguishable from the surrounding sky. They have ge«i- 
eraliy a strong tremulous motion Som end to end, which 
contmues till the whole vanishes. 

Mawpertuis relates, that in Lapland, " the sky was some- 
times tinged with so deep a red that the constellation Orion 
looked as though it were dipped in blood, and that the peo- 
ple fancied they saw armies engaged, fiery chariots, and a 
thousand prodigies." Gmelin relates, that, " in Siberia, on 
the confines of the icy sea, the spectral forms appear like 
rushing armies ; and that the hissing crackling noises of 
those aerial fire-works so terrify the dogs and the hunters, 
that they fall prostrate on the ground, and will not move 
while the raging host is passing." 

Kerguelen describes " the night, between Iceland and the 
Ferro Islands, as brilliant as the day," — the heavens being 
on fire with flames of red and white light, changing to col- 
umns and arches, and at length confounded in a brilliant 
chaos of cones, pyramids, radii, sheaves, arrows, and globes 
of fire. 

But the evidence of CapU Parry is of more value than 
that of the earlier travellers, as he examined the pheno- 
mena under the most favourable circumstances, during a 
period of twenty-seven consecutive months, and because his 
observations are uninfluenced by imagination. He speaka 
of the shifting figures, the spires and pyramids, the majestic 
arches, and the sparkling bands and stars which appeared 
within the arctic circle, as surpassing his powers of descrip- 
tion. They are indeed sufficient to enlist the superstitious 
feelings of any people not fortified by religion and philosophy. 



Deaeribe their appearance in Lapland aa related by Manpertuis, and its eflbct ttpontha 
bibabitantfl. Deacribe its appearance between Iceland and the Ferro lalandf . a« related hv 
«, — .^ «„^ . ., ........ 'TBore value than that of fermer travel- 

• witneMd duoBg tte pcdurnichtU 
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The colours of the polar lights, are of ranoas tints. Th« 
ravs or beams are steel gray, yellowish grav, pea green, 
celandine green, gold yellow, violet blue, purple, sometimes 
rose red, crimson red, blood red, greenish red, orange red, 
and lake red. The arches are sometimes nearlv black, pass- 
ing into yiolet blue, gray^ gold yellow, or wnite bounded 
hy an edge of yellow. The lustre of these lights varies in 
' kind as well as intensity. Sometimes it is pearly, some- 
j times imperfectly vitreous, sometimes metallic, its degree 
of intensity varies from a very faint radiance to a light near- 
ly equalling that of the Moon. 

Many theories have been proposed to account for this 
wonderful phenomenon, but there seems to be none which 
is entirely satisfactory. One of the first conjectures on record 
attributes it to inflammable vapours ascending from the Earth 
into the polar atmosphere, and there ignited by electricity. 
Dr. Halley objects to this hypothesis, that the cause was in- 
adequate to produce the efliect. He was of opinion that the 
poles of the Earth were in some way connected with the au- 
rora ; that the Earth was hollow, having within it a mag- 
netic sphere, and that the magnetic effluvia, in passing from 
the north to the south, might become visible in the northern 
hemisphere. 

That the aurora borealis is, to some extent, a magnetical 
phenomenon, is thought, even by others^ to be pretty clearly 
established by the following considerations. 

1. It has bieen observed, that when the aurora appears 
near the northern horizon in the form of an arch, the middle 
of it is not in the direction of the true north, but in that of 
the magnetic needle at the place of observation ; and that 
when the arch rises towards the zenith, it constantly crosses 
the heavens at right angles, not to the true magnetic meri- 
dian. 

2. When the beams of the aurora shoot up so as to pass 
the zenith, which is sometimes the case, the point of their 
convergence is in the direction of the prolongation of the 
dipping needle at the place of observation. • 

3. It has also been observed, that during the appearance 
of an active and brilliant aurora, the magnetic needle of-> 
ten becomes restless, varies sometimes several degrees, 
and does not resume its former position until after several 
hours. 

From these facts , it has been generally inferred that the 

Defcrfte the eo/o««r» of the Aurora Itoht What ii one of the eauliest theories advanced 
to explain thuphenmienoQ? HowdilOr.HiUtef propose to aooount for it? Wbatob- 
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aurora is in some way connected ii^ith the magnetism of 
the Earth ; and that the simultaneous appearance of the 
meteor, and the disturbance of the needle, are either rela- 
ted as cause and effect, or as the common result of some 
more general and unknown cause. Dr. Young, in his lec« 
tures, is very certain that the phenomenon in question is in- 
timately connected with electro-magnetism, and ascribes 
the light of the aurora to the illuminated agency of electri- 
city upon the magnetical substance. 

It may be remarked) in support of the electro-magnetic theory, thtt-in 
magnetism, the agency of electricity is now clearly establistied : and it can 
hardly be doubted titat the phenomena both of electricity and magnetism 
are pv>duced by one and the same cause ; inasmuch as magnetism may be 
induced by electricity, and the electric sparlc has been drawn from the 
magnet. 

Sir John Herschel also attributes the appearance of the 
aurora to the agency of electricity. This wonderful agenL 
says he, which we see in intense activity in lightning, and 
in a feebler and more diifused form traversing the upper 
regions of the atmosphere in the northern lights, is present, 
probably, in immense abundance in every form of matter 
which surrounds us, but becomes sensible, only when dis- 
turbed by excitements of peculiar kinds. 



CHAPTER XXVII. 

PARALLAX OF THE HEAVENLY BODIES. 

Parallax is the difference between the altitude of any 
celestial object, seen from the Earth's surface, and the alti- 
tude of the same object, seen at the same time from the 
Earth's centre ; or, it is the angle under which the semi- 
diameter of the Earth would appear, as seen from the object. 

The true place of a celestial body, is that point of the 
heavens in which it would be seen by an eye placed at the 
centre of the Earth. The apparent place is that point of 
the heavens where the body is seen from the surface of 
the Eaith. The parallax of a heavenly body is greatest, 
when in the horizon ; and is called the horizontal parallax. 
Parallax decreases, as the body ascends toward the zenith, 
at which place it is nothing. 

The nearer a heavenly body is to. the Earth, the greater 

Wliat 18 the opinion of Dr. Young in regard to their cause ) What eonsideration vtay 
he adduced in farther support t(f the eleetro-moffnetie theory? To what does^ 
John Henchel ascribe the aurora? What axe his observations upon the subject? What 
bparaliax ? What is the true place of a celestial body 1 What is the apvarentvAwB 9 
^R^^istbepttallaxofafaeaTttDlybodyUwiiwWit? What is thli PMiUu «iM7 
25* 
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u Its ptrallax ; hence the Moon has the greatest parallax 

of all the heavenly bodies, while the fixed stars, from their 

, immense distance, have no parallax;*^ the semi-diameter of 

! the Earth, at such a distance, being no more than a point. 

i As the effect of parallax on a heavenly body, is to depress 

it below its true plctce, it must necessarily affect its right 

ascension and declination, its latitude and longitude. On 

this account, the parallax of the Sun and Moon must be 

added to their apparent altitude, in order to obtain theiz 

true altitude. 

The true altitude of the Son and Moon, except when in the zenith, is al< 
ways affected, more or lees, both by parallax and refraction, but always 
in a contrary manner. Hence the mariner, in finding the latitude at sea, 
always adda the parallax, and aubatraet* the refraction, to and from the 
Sun's observed altitude, in order to obtain the true altitude, and thence the 
latitude. 

The principles of parallax are of great importance to as* 
tronomy, as they enable us to determine the distances of 
the heavenly boaies from the Earth, the magnitudes of the 
planets, ana the dimessions of their orbits. 

The Sun's horizontal parallax being accurately known, 
the Earth's distance from the Sun becomes known; and the 
Earth's distance from the Sun being known, that of all the 
planets may be known also, because we know the exact 
periods of their sidereal revolutions, and according to the 
third law of Kepler, the squares of the times of their revolu- 
tions are proportional to the cubes of their mean distances. 
Hence, the first great desideratum in astronomy, where 
measure and magnitude are concerned, is the determination 
of the true parallax. 

At the late council of astronomers, assembled in Lon- 
don, from the most learned nations in Europe, the Sun's 
mean horizontal parallax was settled, as the result of their 
united observations, at 0^ (K 8".6776. — Now the value of 
radius, expressed likewise in seconds, is 206264'^8; and 
this divided by 8".5776, gives 24047 for the distance of the 
Sun from the Earth, in semidiameters of the latter. If we 
take the c^^wa^ormZ semidiameter of the Earth as sanction- 
ed by ihe same tribunal, at (7924-^-2=) 3962 miles, we 
shall have 24047X3962=95,273,869 miles for the Sun's 
true distance. 

I * 8ee Chapte r XIV. , on the number and diBtance of the Stais. • 

How does the parallax of a body vary, witli its altitude? How i« it aflteted hy dta- 
tmee 7 Give nn example. What, then, are the neeetsary effect* of parallax on the ap- 

Karance of a heeveifty bod/ 7 How, then, can we obtain the true altitude of the tSwn at 
oon 7 Do parallax and reftxtetUm edtTeet the attitude alike! Give an exmrnploi. 
Why are the principles of paranax of great importanoe to astronomy 7 If the Sun'a paral- 
lax be known, how ma^ the distanoet of all the pkuieta be known alao 1 What inftreoea 
BMj be ilerived fiom tfaia in mard to the importanoe of paimUax } 
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BotE the principle and the calculation of this element may 
be illustrated by a reference to the diagram on Plate I, of 
the Atlas: Thus—the parallactic angle AES = 8''.5776: 
is to the Earth's semidiameter as = 3962 miles : : as radius 
= 206264. '^8: is to the distance ES = 95,273,869 miles, as 
before. 

Again : The mean horizontal parallax of the Moon is 
0® 57' 11'', or 3431". In this problem, the parallactic angle 
AMS is 0^ 57' 11'' = 3431"; and 3431" : is to 3962 miles : : 
as 206264".8: is 238,161 miles, for the Moon's mean dis- 
tance from the Earth MS. — See Chapter on the Number 
and Distance of the Stars. 



CHAPTER XI. 

PROBLEMS AND TABLES. 

PROBLEM L 
TO CONVERT DEGREES, ftC. INTO TIME. 

Rule 1. — Divide the degrees by 15, for hours ; and mul- 
tiply the remainder, if any, by 4, for minutes. 

2. Divide the odd minutes and seconds in the same man- 
ner by 15 for minutes, seconds, &c. and multiply each re- 
mainder by 4, for the next lower denomination. 
Example 1.— Convert 32° 34' 45" into time. 
Thus, 32**-*-15=2h. 8^ 

34-^-15= 2 16" 
45 -^ 15 = 3 



Ans. 32^34'45"= 2h. 10' 19'' the time. 

Example 2. — If it is 12 o'clock at this place, what is the 
time 20° east of us ? 

Thus, fifteen in 20°, once, and Bve over ; the once is 1 
hour, and the 5 multiplied by 4, gives 20 minutes : the time 
is then 1 hour and 20 minutes past 12. 

Example 3.— The longitude of Hartford is 72° 50' west 
of Greenwich ; what time is it at Greenwich when it is 12 
o'clock at Hartford ? 

Ans. 4 h. 51 min. 20 sec. 

Example 4.— When it is 12 o'clock at Greenwich, what 
IS the time at Hartford ? Ans. 7h. 8m. 40 sec. A. M. 

NoTH.— Table Vin. la designed to fiu^Uitftte calcolatlons of this kind. Tlie 
degrees being placed in one column, and the corresponding time inanother« 



J 



296 PROBLBUS. 

It needs no explanadon, except to obseire that degreea In the left hand 
ooluouu may be considered as eo many mmufet, mstead of degrees ; in 
which case, the coneqK>ndiiig time in the adjoining column, must be read' 
as minutea and aecoiute, instead of hours and minates. In like manDer, the 
degrees ia the left hantl column may be read as seconds, and the correspond- 
ing time, as aecontU and thirds. 
EzAMPU.— Find, by the table, the time corresponding to 32<^ 34' 45". 
Thus : Against dSiP is 2 h. 8 miu. 

« 34' « 2 16 sec. 

If 40// K 3 



Answer as above, 2h. 10m. 198. 

PROBLEM n. 
TO CONVERT TIME INTO DEGREES, dbc. 

Rule. — Multiply the hours by 15, and to the product add 
one fourth of the minutes, seconds, &c., observing that eve- 
ry minute of time makes -J-®, and every second of time, ^. 
Example 1.— In 2 hours, 10 minutes, and 19 seconds, 
how many degrees ? 

Thus: 2h. 10 m. 19 s. 

16 

SO'' 



Add 10 quarters, or -}- of the min. 2 30^ 

Add 19 quarters, or \ of the sec. 4 



45^ 



Ans. 32*^ 34' 45'' 

This problem is readily solved by means of Table IX. withont the labcor of 
calculation : 

Thus : 2 hours -30o 

10 minutes . 2 3(K 

19 seconds - 4 45'^ 



Ans. 320 34' 45" 

Ex. 2.— When it is 12 o'clock at Hartford, it is 4 hours, 
51 minutes, and 20 seconds past noon at Greenwich ; how 
many degrees is Hartford west of Greenwich ? 

Thus: 15 times 4 is 60— added to i of 61, is 72° 45", 
and this increased by -J- of 20, is 72° 60.' Ans. 

Ex. 3. — A Liverpool packet, after sailing several days 
from New York, finds the time by the Sun 2 hours and 40 
minutes later than by the ship's chronometer : how far has 
the ship progressed on her way ? 

Ex. 4. — A vessel leaves Boston, and having been tossed 
about in foul weather for some days, finds, that when it is i 
12 o'clock by the Sun, it is only 11 o'clock and 60 minutes | 
by the watch ; is the vessel east or west of Boston ; and 
how many degrees ? 

Ex. 5.— The moment of greatest darkness during the an* 
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nnlar eclipse of 1831^ took place at New Haven, 10 minutes 
after 1 o'clock. A gentleman reports that it happened pre- 
cisely at 1, where he observed it ; and another, thai il was 
6 minutes after 1 where he saw it : Quere, How far east 
or west were these gentlemen from each other, and how 
many degrees from New Haven 1 

PROBLEM m. 

TO FIND WHAT STARS ARE ON THE BIERmiAN AT NINE o'CLOGK 
.^ IN THE EVENING OF ANT GIVEN DAY. 

Rule. — Look for the ffiven day of the month, at the bot- 
tom of the maps, and all the stars having the same degree 
of right ascension will be on the meridian at that time. 

Example 1. — What stars will be on the meridian at 9 
o'clock, the 19th of January ? «^-v-^ 

Solution, — On Plate III. I find that the principal stars 
standing over against the 19th of January, are Rigel and 
Capella. 

Ex. 2. — ^What stars are oa the meridian the 20th of De- 
cember ? Ans. Menkar and Algol. 

PROBLEM IV. 
ANT STAR BEING GIVEN, TO FIND WHEN IT CULMINATES. 

Rule. — Find the star's right ascension in the table, or by 
the map, (on the equinoctial,) and the day of the month at 
the top or bottom of the map will be the day on which it 
culminates at 9 o'clock. 

Example 1. — At what time is the bright star Sirius on the 
meridian? 

Solution, — I find hy the table, and by the map, that the 
right ascension of Sirius is 6 hours and about 38 minutes ; 
and the time corresponding to this, at the bottom of the 
map, is the 11th of February. 

Ex. 2. — At what time is Alpheratz, in the head of Andro- 
meda, on the meridian ? Ans. The 9th of November. 

PROBLEM V. 

THE RIGHT ASCENSION AND DECLINATION OF A PLANET BEING 
GI^SN, TO FIND ITS PLACE ON THE MAP. 

Rule. — Find the ri^ht ascension and declination of the 
planet on the map, and tHkt will be its place for the given 
day. 



Example 1. — Venus's right ascension on the Ist of Jan- 
uary, 1833, was 21 hours, 30 minutes, and her declination 
16^^ south ; required her situation on the map ? 

SoUUiqn' — On the right hand of the Plate II. I count off 
16f ° from the equinoctial, on the marginal scale south, and 
fironi that point, 30 minutes to the left, or just half the dis- 
tance between the XXL and XXII. meridian of right as- 
cension, and find that Venus, that day, is within two degrees 
of Delta Capricomi, near the constellation Aquarius, in the 
zodiac. 

NoTB.— It is to be remembered, that the planets will alwi^ai be found 
within the limits of tlN xodlac, as representeil in the maps. By means of 
Table VII. the pupil can find at any time the situations of all the visible 
planets, on the maps; and this will enable him to determine their position 
hi the heavens, without a chance of mistake. By this means, too, he can 
draw for himself the path of the planets from month to month, and trace 
their course among the stars. This is a pleasant and useful exercise, and 
Is practised extensively in some academies. The pupil draws the map ia 
the first place, or such a portion of it as to include the zodiacal conateUa* 
tlons ; then, having dotted the position of the planets from day to day, as 
iDdicated in Table VIL, their path Is easily traced vrith a pen or pencil. 

Ex. 2. — Mars' right ascension on the 13th of March, 1833. 
is 5 hours, 1 minute, and his declination 24f^ north; requir- 
ed his situation on the map ? 

Solution. — I find the fifth hour line or meridian of right 
ascension on Plate III. and counting upwards from the equi- 
noctial 24^^, I find that Mars is between the horns of 
Taurus, and about 5° S. W. of Beta Aurigae. 

Ex. 3. — Required the position of Jupiter and Saturn on 
the 13th of February and the 25th of May ? 

When the right ascension and declination of the planets are not fiyen, 
ftey are to be sought in Toble VIL 

PROBLEM VI. 

TO HNU AT WHAT MOMENT ANY STAR WILL PA8B THE MERIUIAN 

ON A GIVEN DAT. 

Rule. — Substract the right ascension of the Sun from the 
star's right ascension, found in the tables; observing to add 
24 hours to the star's right ascension, if less than the Sun'a, 
and the difference will show how may hours the star culmi- 
nates after the Sun. 

Example 1. — At what time will Procyon pass the meridi* 
an the 24th of February ? 

iSoZufton.— R. A. of Procyon 7h. 30m. 33s.+24h. 

31 3(K 33" 
- R. A. of Sun, 24th of Feb. 22 29 1 



Ans. 9 1 

That is, Im. 32s. past 9 o'clock in the evening. 
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Ex. 2.-^At what time will Denebola pass the meridian on 
the first of April? 

iSfo/tt<ion.—R. A. of Denebola is llh. 40' 52" 

R. A. of San, April 1, 41 25 

I Ans. 10 59 7 

That is, at 59 minutes, 7 seconds, past 10 in the evening. 
! Ex. 3. — At what time on the first day of each month, from 
January to July, will Alcyone, or the Pleiades, pass the me- 
I ridian ? 

Ex. 4. — At what time will the Dog Star, or Sirius, culmi- 
nate on the first day of January, February, and March ? 

Ex. 5. — How much earlier will Spica Virffinis pass the 
meridian on the 4th of July, than on the i5tii of May ? — 
Ans. 3 hours, 25 minutes. 

PROBLEM vn. 

TO FINn WHAT STARS WILL BE ON OR NEAREST THE MERIDUN 
AT ANY GIVEN TIME. 

Rule. — Add the given hotit to the Sun's ri^ht ascension^ 
found in Table III., and the sum will be the right ascension 
of the meridian, .or mid-heaven -, and then find in Table II. 
what star's right ascension corresponds with, or comes near- 
est to it, and that will be the star required. 

Example 1. — What star will be nearest the meridian at 
9 o'clock in the evening of the 1st of September? 

Solution, — Sun's right ascension 1st Septemher, 

lOh 40' 30'' 

Add the time from noon 9 

Right ascension of the meridian 19h 40' 30" 

Now all the stars in the heavens which have this right as- 
cension, will be on the meridian at that time : On looking 
into Table II. the right ascension of Altair, in the Eagle, 
will be found to be 19h. 40m. ; consequently Altair is on 
, the meridian at the time proposed ; and. Delta, in the Swan, 
' is less than two minutes past the meridian. 

Ex. 2. — Walking out in a bright evening on the 4 th of Sep 
tember, I saw a very brilliant star almost directly over 
head ; I looked on my watch, and it wanted^ 20 minutes of 
, 8 ; required the name of the star 1 

Solution. — Sun's declination 4th of September, 

lOh 5y 22" 
~ Add the time from noon 7 40 

Gives R. A. of Lyra, nearly 18 31 28 
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Ex. 3. — About Sj- minutes after 8 in tbe evening of the 
11th of February, I observed a bright star on the meridian, 
a little north of the equinoctial, and 1 minute before 9 a still 
brighter one, further south ; required the names of the stars ? 

PROBLEM vm. 

TO FIND WHAT STARS WILL CULMINATE AT 9 o'CLOCK IN THE 
EVENING OP ANY DAY IN THE YEAR. 

Rule. — Against the day of the month in Table IV., find 
the right ascension of the mid-heaven, and all those stars in 
Table II. which have the same, or neatly the same right as- 
cension, will culminate at 9 P. M. of the given day. 

Example 1. — What star will culminate at 9 in the even- 
ing of the 26tb of March ? 

SoliUion. — I find the right ascension of the meridian, at 9 
o'clock in the evening of the 26th of March, is 9h 19' 37''; 
and on looking into Table II., I find the right ascension of 
Alphard, in the heart of Hydra, is 9h 19^ 23'\ The star is 
Alphard. 

Ex. 2.— What star will culminate at 9 in the evening of 
the 28th of June ? Ans. Aphacca. 

PROBLEM IX. 

TO FINn the sun's longitude or place in the ECLIPTic, OH 
ANY given day. 

Rule. — On the lower scale, at the bottom of the Plan- 
isphere, (Plate VIII.) look for the given day of the month ; 
then the sign and degree corresponding to it on the scale 
immediately above it, will show the Sun's place in the 
ecliptic. 

Example 1. — Required the Sun's longitude, or place in 
the ecliptic, the 16th of September. 

Solution. — Over the given day of the month, September 
16th, stands 5 signs and 23 degrees, nearly, which is the 
Sun's place in the ecliptic at noon on that day ; that is, the 
Sun is about 23 degrees in the sign Virgo. 

N. B. If the 6 signs be multiplied br 30, and the 23 degrees be added to it, 
it will give tbe longitude in degrees, 173. 

Ex. 2. — Required the Sun's place in the ecliptic at noon, 
on the 10th of March. 
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iPROBLEM X. 

OIVEN THE sun's LONGITUDE, OR PLACE IN THE EOLIFTIC, TO 
FIND HIS RIGHT ASCENSION AND DECLINATION. 

Rule. — Find the Sun's place in the ecliptic^ (the carved 
line which runs through the body of the planisphere,) and 
"With a pair of compasses take the nearest distance between 
it and the nearest meridian, or hour circle, which being ap- 
plied to the graduated scales at the top or bottom of the 
planisphere, (measuring from the same hour circle,) will 
show the Sun's right ascension. Then take the shortest 
distance between the Sun's place in the ecliptic and the 
Dearest part of the equinoctial, and apply it to either the 
east or west marginal scales, and it will give the Sun'^ de- 
clination. 

ExAxMPLE 1.— The Sun's longitude, Septenaber 16th, 1833, 
is 5 signs, 23 degrees, nearly ; required his right ascension, 
and declination. 

Solution. — The distance between the Sun's place in the 
ecliptic and the nearest hour circle being taken in the com- 
passes, and applied to either the top or bottom graduated 
scales, shows the right ascension to be about 11 hours 35 
minutes ; and the distance between the Sun's place in the 
ecliptic, and the nearest part of the equinoctial, being applied 
to either the east or west marginal scales, shows the decli- 
nation to be about 2® 45', which is to be called north, because 
the Sun is to the northward of the equinoctial : hence the 
Sun's right ascension, on the given day, at noon, is about 11 
hours 35 minutes, and his declination 2° 45' N. 

Ex. 2.— The Sun's longitude March 10th, 1833, is 11 
signs, 19 degrees, nearly ; required his right ascension and 
declination ? 

Ans. R. A. 23 h. 21 min. DecL 4° IV nearly. 

PROBLEM XL 

^ TO FIND THE RIGHT ASCENSION OF THE MERIDIAN AT ANY 
GIVEN TIME. 

RuLE.—Pind the Sun's place In the ecliptic by Problem IX. 
and his right ascension by Problem X., to the eastward of 
which, count off the given time from noon, and it will show 
the right ascension of the meridian, or mid- heaven. 

Example 1. — Required the right ascension of the meridi* 
^'^c^, ."^® 2^ nainutes past noon, September 16th, 1833. 

Soluti<m.'--By Problems IX. and X., the Sun's right ascen- 
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sion at noon of the gi^en day, is 11 hours 35 minutes ; to 
the eastward of -which, 9 hours and 25 minutes (the given 
time) being counted oif, shows the right ascension of the 
meridian to be about 21 hours. 

Ex. 2. — Required the right ascension of the meridian at 
6 hours past noon, March lOth, 1833 ? 

Solution. — By Problems IX. and X. the Sun's right ascen- 
sion at noon of the given day, is 23 hours and 21 minutes | 
to the eastward of which, the given time, 6 hours being 
counted off, shows the right ascension of the meridian to 
be about 5 hours 21 minutes. 

Rbmark. — In this example, it may be necessary to observe, that where 
the easlern. or left hand extremity of the planisphere leaves off, tlie west- 
em, or right hand extremity, begins ; therefore, in counting off the given 
time on the top or bottom graduated scales, the reckoning is to be trans, 
ferred from the left, and completed on the right, as if the two outside edgei 
of the planisphere were joined together. 

PROBLEM XIL 

TO FIND WHAT STARS -WILL BE ON OR NEAR THE MERIDIAN AT 
ANY GIVEN TIME. 

Rule. — Find the right ascension of the meridian by 
Problem XI. over which lay a ruler, and draw a pencil line 
aloD^ its edge from the top to the bottom of the planisphere, 
and It will show all the stars that are on or near the meridian. 

Example 1. — Required what stars will be on or near the 
meridian at 9 hours 25 minutes past noon, Sept. 16th, 1833 7 

Solution. — The right ascension of the meridian by Prob- 
lem XI. is 21 hours : this hour circle, or the line which passes 
up and down through the planisphere, shows that no star 
will be directly on the meridian at the given time ; but that 
Alderamin will be a little to the east, and Deneb Cygni, 
a little to the west of it ; also Zeta Cygni, and Gamma and 
Alpha in the Little Horse, very near it on the east. 

PROBLEM xm. 

TO FIND THE EARTH's MEAN DISTANCE FROM THE SUN. 

Rule. — As the Sun's horizontal parallax is to radius, so 
is the semi-diameter of the Earth to its distance from the 
Sun. 

By Logarithms. — As tangent of the Sun's horizontal par- 
allax is to radius, so is the Earth's semi-diameter to her 
mean distance from the Sun. 

8".6776 : a06a64".8 : : 3963 : 95,273,860 mUei. 
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By Logarithma, 

At tangent of Sun's horizontal parallax, 8".6776 — 5.6189407 
Is to radius, or 90^ -» lO.UOOOOOO 

8o is the Earth's semi-diameter. 3962. — 3.5979145 

To the Earth's distance, 95,273,869- 7.9789738 

PROBLEM XIV. 

TO FIND THE DISTANCE OP ANY PLANET PROM THE SUN, THAT 
OF THE EARTH BEING KNOWN. 

Rule. — Divide the square of the planet's sidereal revolu- 
tion round the Sun, by the square of the Earth's sidereal re- 
volution, and multiply the cube root of the quotient by the 
Earth's mean distance from the Sun. 

By Logarithms. — From twice the logarithm of the plan- 
et's sidereal revolution, substract twice the logarithm of the 
Earth's sidereal revolution, and to one third of the remain- 
der, add the logarithm of the Earth's mean distance frooi 
the Sun. 

ExAMPLB.— Required Mercury's mean distance from the Bun, that of the 
Earth being 95,273,869 miles. 

Mercury's sidereal revolution is 87.969258 days, or 7600543".8912 ; The 
Earth's sidereal revolution is 365.256374417 days, or 

3155815l".5 7600543 .9 

31558151".5 7600543.9 



995916962096952.25 by which divide 67768267575827 51 
and the quotient will be .052005106713292, the cube root of which in 0.3870977, 
and this multiplied by 94,861,891, gives 36,727,607 miles, for Mercury's distance 
from the Sua. This problem majr be performed by logarithms is as many 
minutes as the foraier method requires hours. 

Mercury's Sid. Rev. 760U543".9 log. « 6.8808417X2 13.7616894 

Earth's Sid. Rev. 31558151''. log. » 7.4991302X3 14.9982604 

i>-2.7634290 



1.5878097 
Add. log. of the Earth's mean distance, 7.9789738 

Mercury's distance, 36,880422. Ans. 7.5667836 

If the pupil have not already learned the use of loearithms, this problem 
will satisfy him of their unspeakable advantage over all other modes of com- 
putation. By reviewing the above calculation, he will perceive that instead of 
multiplying 31558151' .5 by itself, he need only multiply its logarithms by ttDo/ 
and, instead of extracting the cube root of O.O58(J051O571w»2, he need only 
divide its logarithm by three I and, instead of multiplying 0.3870977, by 95,273, 
869, he need only add their logarithms together. He need not think himself a 
dull scholar, if by the former method he come to the true result in Jive 
hours ; nor remarkably quick, if by the latter he come to it isifive nUnutea. 

PROBLEM XV. 
TO FIND THE HOURLY MOTION OP A PLANET IN ITS ORBIT. 

Rule. — Multiply the planet's mean distance from the 
Sun by 6,2831853, and divide the product by the time of 
the planet's sidereal revolution, expressed in nours, and the 
decimals of an hour. 



ao4 

By LogaHthma.— Add 0,7981799 to the logarithm of the 
planet's mean distance from the Sun, and from the sum 
substract the logarithm of the planet's revolution expressed 
in hours. 

ExABfPLB.— Required the Earth's honrly motion in its orbit. 
Loir, of Earth's distance - 7.»789738-^0.7981799 - 8.7771537 

Substract iog. of Earth's revolution 3.9426090 

Gives Earth's horary motion, (38,288 miles, — 4.8343M7' 

FROBLEM XVL 
TO FIND THE HOURLY MOTION OF A PLANET ON ITS AXIS. 

Rule. — Multiply the diameter of the given planet by 
3.14159, and divide the product by the period of its diurna) 
rotation. 

By Logarithms, — Add 4.0534524 to the logarithm of th» 
planet's diameter, and from the sum substract the logarithm, 
of its diurnal, rotation, expressed in seconds. 

Earth's diameter, 79» log. - 3.8989445 

Add log. of 3600"+Iog. of 3.14159 - 4.(fi34S» 

7.9523969 
Substract log. diomal rotation, 23 h. 56' 4".09 - 4.9353263 

Ans. 1040.09 mUes- aO17O706 

FROBLEM XVn. 
TO FIND THE RELATIVE MAGNITUDE OF THE FLANETS. 

Rule. — Divide the cube of the diameter of the larger 
planet, by the cube of the diameter of the less. 

By Logarithms. — From three times the logarithm of the 
larger, substract three times the logarithm of the less. 

ExAHFLB.— How much does the «ize of the Earth exceed that of the 

*^Barth»s diameter, 7912 log. 3.8982963X3 - 1 1.6948G89 

Moon's diameter, 2160 log. 3.3343376X3 - 10 0030128 

The Earth exceeds the Moon, 49.1866 times. Ans. 1.6918161 

In this example. 7912 miles is assumed as the mean, between the Earth's 
eauatorial and polar diameter: the former being 79^ and the latter 789S 

PROBLEM XVm. 

TO FIND THE FROFORTION OF SOLAR UGHT AND HEAT AT EACH 
OF THE PLANETS. 

Rule. — Divide the square of the planet's greater distance 
from the Sun, by the square of the less. — Or, substract twice 
the logarithm of the greater distance, from twice the loga- 
rithm of the less. 



PROBLEUS. 
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Example. — How much greater is the San's light and 
heat at Mercury, than at the Earth? 

Log. of Earth's distance 7.978g738y2 - 15.9599476 

— of Mercury's 7.6667959X2 - 15 133i5918 

Ans. 6.6736 times greater - 0.aii3568 

PROBLEM XIX. 
TO FIND THE CIRCUMFERENCE OF THE PLANETS. 

Rule. — Multiply the diameter of the planet by 3.14159; 
or, add the logarithm of the planet's diameter to 0.4971499. 

PROBLEM XX. 
TO FIND THE CIRCUMFERENCE OF THE PLANETARY ORBITS. 

Rule. — Multiply the planet's mean distance from the 
Sun, by 6.2831853 : or, to the logarithm of the planet's 
mean distance, add 0.7981799, and the sum will be the lo- 
garithm of the answer. 

PROBLEM XXI. 

TO FIND IN WHAT TIME ANT OF THE PLANETS WOULD FALL TO 
THE SUN IP LEFT TO THE FORCE OP GRAVITATION ALONE. 

Rule. — Multiply the time of the planet's sidereal revolu- 
tion, by 0.176776 5 the result will be the answer. 

By Logarithms, — From the logarithm of the planet's si- 
dereal revolution, substract 0.7525750, and the remainder 
will be the logarithm of the answer, in the same denomina- 
tion as the sidereal revolution. 

Required the times, respectively, in which the several planets would All 
to the Sun bj the force of gravity. 



Planets would fall to 
the Sun. 


Days. H. M. S. 


Logarithms. 


Mercury, 


15 13 13 16 


6.1282686 


-Venus, 


39 17 19 22 
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TABLE L 

Containing the names of the Constellations^ the number andmagfnitnde 
of the Stars in each, and the days on which they come to the merid- 
ian at 9 o'clock in the evening. 



1 


xMonth, 


^ ConfitellatloiiB. 


ILA, 




No, of 
stars. 


MajmiiudcR. 


1 




^' 








1 


2 


3 1 


3 


S 


1 


Jan. 


4 KridEunia, 


02^ 


id's S. 


&1 


T 


I 


n 


27 


i;o 


U 


2 




( liHiE^iilus, 


€2 


ta 


B. 


10 








2 


3 


2 


S 


3 




SilTiiurus, - 


m 


n; 


N. 


m 


1 


I 


4 


8 


23 


00 


4 




n 


I'mjKliclea, 


G7 
6a 


15 
40 


9. 


3 
10 














4 


18 


<! 




hi 


C'aiiieJtiparil 


6^ 


70 


N, 


ee 











a 


'^ 


43 


7 




\S 


AurigEi, 


75 


4G 


N. 


da 


I 


I 


(J 





L^J 


^ 


G 




JS 


piTvord Fish, 


75 


m 


S. 


6 








1 


I 


i 


S4 


9 




10 


Mon3 Mi'nsnrt 


7fi 


Tl 


S. 


30 

















30 


la 




23 


Leimss the Hare,- 


*f«J 


m 


a 


19 








3 


7 


3 


13 


11 




!;a 


Orion, 


^ 







7a 


2 


4 


3 


15 


l.-^ 


36 


J0 




lii^ 


PalnTtr's Hof^e, 


&1 


55 


S 


e 








l> 


1 





39 


];l 




127 


Vofth's DoTBj 


55 


'm 


a 


10 





X 


1 


2 


4 


ta 


H 


Feb, 


It 


CMiiiiMajor^ i 


m 


SiO 


s. 


31 


1 


4 


^ 


7 


7 


se 


15 






Mi:inocercji 


no 







31 











7 


7 


12 


U 




2:>^t;*»jiiml 


111 


33 


N. 


8G 


I 


a 


4 


7 


13 


ii7 


i: 






31L 


90 


N. 


4.1 








u 


3 


15 


25 


m 




115 


50 


e. 


ft* 


2 


i 


*j 


12 


37 


289 


19 


March, 




lao 


B 


N. 


14 


1 





I 





3 


9 


na 




1^ 


68 


B. 


9 














6 


B 


SI 




]3 Cnncer* 


las 


ao 


N. 


E3 











3 


^ 


11 


aa 




Iti M[ijiii£;r*a CotnaaM. 


:jo 


30 


a 


4 








0| 





a 


13 


Zi 




m Jfydra, - 


m 


B 


S. 


eo 





I 





13 


w 


45 


'-N 


ApriL 


1 ftn^XlnHBf 


14G 







41 











I 


G 


3ti 


25 




6 Leo Minor, 


!SU 


35 


N. 


53 








1 


G 


10 


33 


Si- 




C 1,1^0 niajior] 


150 


15 


K 


as 


'i 


2 


G 


IS 


12 


47 


£7 




(i Air Pump, 


160 


33 


B 


3 














2 


IS 


^ 




t>llrsaM!k3or, 


153 


60 


N. 


W 


i 


3 


7 


13, 


31 


37 


& 




IG Itobgr Carrdti, 


150 


:j) 


B. 


12 














KH 




2tJ Cnucr, ihe Cup, 


ISd 


IS 


Ft. 


31 











10 


9 


14 


'^\ 


Maj, 




i7ri 


7B 


ft. 


10 














6 


3.5 


iti 




n Tln^Croes, 


383 


SO 


S. 


6 


1 


2 


11 


1 


1 


12 


a« 




l:.:.'' .1 J^TOitscoa, 


m 


s& 


N. 


43 











13 


13 


17 


37 




1 : : ^ ■ ■ . 1 i 1 1^ Crow, 


185 


15 


fi. 


9 








3 


2 


2 


2 


38 


n -....::■.,. n, Fly. ' 1 


19S 


68 


&. 


5 











4 





17 


B9 




IV-f^rCaroli, 


lai 


39 


IN. 


S 














#0 




S3 


Vii^a, 


]% 


& 


N. 


110 


1 


D 





10 


Ifi 


71 


II 




1S3 


Aaiqrion ct Chi^ 


SXi 


40 


N. 


y^ 








1 


1 


7 


15 






*2B 


Contaurua, 


aoo 


CO 


a 


dCi 


2 


1 


6 


10 


14 


100 


42 


Jiia«. 


9 


Bootes, 


S12 


ao 


N. 


64 


I 





7 


10 


m 


30 


13 




19 


Compi<rstii, 


aa 


4^ 


6. 


4 





c 





1 


1 


8 


t4 




Mons Msnaluj; 


225 


5 


N. 


11 


1 










4& 




Zi 


yfara, 


KM 


s 


B, 


51 





1 


3 


12 


4 


27 


4e 




36 


Lupuri, tlie WdU; 


230 


4S 


B. 


34 








3 


3 


19 


29 


47 


Jol^ 


l; 


f^orojia Bof ealJii, 


236 


30 


N. 


21 





1 


1 


6 


9 


5 


IS 




1 


lUre^ Minor, 


m 


76 


N. 


31 





I 


2 


4 


^ 


4 



TABLE I.— Continued. 
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TABLE n. 

Exbibitinfi; the Right Ascension and Declination of the principal 
Fixed Stars, and the time of their coming to the Meridian. 
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10 


8 


22 


17 6 




19 


3bW Arffo Navis, 


3 


7 


11 


7 


36 


48 7S. 




19 


36 


<r C, Maj., Aludra, 


2 


7 


17 


16 


28 


68 50S. 




21 


37 


* Gemino., Castor, 


2 


7 


23 


66 


32 


14 52 




23 


38 


jt C. Minor, Procyon, 
X Ar. Navis, Markab, 
Gemino., Pollux, 


1 


7 


30 


33 


5 


38 55 




24 


39 


3 


7 


32 


17 


26 


26 22S. 




25 


40 


2 


7 


35 


5 


98 


25 28 




26 



TABLE n.— Coatinued. 



i 


Names of the Stars. J* 


A^^on. Declination. 


On the 
Merid. 


i 






B. 


M. 


8. 1 


i 


If 






41 


f Argo Navis, 


3 


7 


43 


20 24 


26 


35S. 


Feb. 


28 


42 


^ Argo Navis, Naos. 


"^ 


7 


"57" 


44 39 


33 


3S. 


Mar. 


"4 


43:^ Argo Navis, 


2 


8 


4 


33 !46 


50 


43S. 




5 


44 • Argo Navis, 


3.3 


8 


19 


5 '53 


58 


33S. 




9 


45 


<r Argo Navis, 


2.3 


8 


40 


7 ,54 


5 


43S. 




15 


46 


1 Ursae Majoris, 


3 


8 


47 


47 48 


41 


50 




17 


47 


A Cancri, Acubens, 


3.4 


8 


49 


45 12 


30 


9 




18 


48 


\ Argo Navis, 


2.3 


9 


1 


51 42 


45 


40S. 




21 


49|i8 A. N.,Maia Placid. 


1 


9 


12 


57 |69 


1 


54S. 




34 


fjX^X Argo Navis, 


2.3 


9 


16 


59 54 


17 


53S. 




25 


51* Hydra, Alphard, 


2 


9 


19 


23 7 


56 


14S. 




36 


52 fl UrsaeMajoris, 


3 


9 


21 


47 53 


26 


45 




27 


53ji Leonis, 


3 


9 


36 


32 |24 


32 


26 




31 


54 


fji Leonis, Rasal Asad. 


3 


9 


42 


56 |26 


47 


32 


April. 


"1 


65 


« Leonis, 


3.4 


9 


58 


13 


17 


34 


34 




6 


56 


<t LeoDis Regiilus, 


1 


9 


59 


28 


12 


46 


52 




6 


57 


X UrsaeMajoris, 


3 


10 


6 


58 


43 


44 


49 




8 


58 


) Leonis, Aldhafara, 


3 


10 


7 


23 


24 


14 


^ 




8 


59 


y Leonis, Al Gieba, 


2.3 


10 


10 


45 


20 


41 


16 




9 


60 


fj, U. M., El Phekrah, 


3 


10 


11 


55 


42 


20 


15 




9 


61 


* Leonis MiQoris, 


3 


10 


28 


47 


32 


50 


39 




14 


62;fl Argo Navis, 


2.3 


10 


37 


12 


63 


31 


14S. 




16 


63 


« Argo Navis, 
A Crateris, Alkes, 


2 


Id 


38 


36 


58 


48 


34S. 




17 


64 


3.4 


10 


51 


35 


17 


24 


36S. 




20 


65 


^ Ursae Maj., Merak, 


2 


10 


51 


42 


57 


16 


35 




20 


e(i 


« Ursae Maj., Dubhe, 


2 


10 


53 


21 


62 


39 


3 




21 


67l«r Leonis, Zozma, 


3 


11 


5 


13 


21 


27 


32 




24 


68 fl Leonis, 


3 


11 


5 


39 


16 


30 


39 




24 


69 


X Draconis, Giansar, 


3 


11 


30 


17 


70 


15 


3 




28 


70 


yg Leonis, Denebola, 


2 


11 


lo" 


32 


15 


30 


22 


May. 


3 


71 


a Virginis, Zavijava, 


3 


11 


42 





2 


43 


43 




3 


72 


y U. Maj., Phach'd, 


2 


11 


45 


1 


54 


37 


^ 




4 


73 


«r Centauri, 


2.3 


11 


59 


44 


49 


30 


15S. 




8 


74 


/ Cracis, 


3 


12 


6 


31 


57 


33 


4S. 




10 


75 


/ Urs»M.,Megrez., 


3 


12 


7 


7 


57 


58 


46 




10 


76 


y Corvi, 


3 


12 


7 


38 


16 


36 


42S. 




10 


77 


« Crucis, 


1 


12 


17 


23 


62 


10 


26S. 




13 


78 


/ Corvi, Algorab, 


3 12 


21 


38 


15 


34 


49S. 




14 


79 


y Crucis, 


2 12 


31 


56 56 


10 


22s. 




14 


80. 


^ Corvi, 


3 


12 


35 


39 


» 


38 


9S. 




15 



TABLE IL— ContiiiuecL 



i 


Names of the Stars. 


1 


Right 
Ascension. 


Declination. 


On the 
Merid. 


Q 


81 


X Draconis, 


3 


H. M. 

12 26 


8 

23 



70 


42 


38 


May. 


15 


82 


y Centauri, 


2.3 


12 32 


23 


48 


2 


23S. 




16 


83 


y Virginis, 


3 


12 33 


37 





31 


55S. 




17 


84 


fi CrucLs, 


2 


12 38 


3 


58 


46 


27S. 




18 


85 


• Ur.Majoris,Alioth, 


2 


12 46 


27 


57 


52 


5 




20 


86 


«r Virginis, 


3 


12 47 


12 


4 


18 


31 




20 


87 


A Cor-Caroli, 


3 


12 47 


57 


39 


13 


21 




20 


88 


i Vir., Vindemiatrix, 


3 


12 56 


36 


11 


51 


32 




22 


89 


y Hydrae, 


3 


13 9 


42 


22 


17 


9S. 




26 


90 


' Ceniauri, 


3 


13 10 


48 


35 


49 


49S. 




26 


91 


* Virginis, Spica, 


1 


13 16 


24 


10 


17 


lOS. 




27 


92 


C Ursae Maj., Mizar, 


2 


13 17 


11 


55 


17 


59 




28 


93 


^ Virginis, 


3 


13 25 


36 





15 


43 




30 


94 


« Centauri, 


2.3 


13 29 


20 


52 


32 


20S. 




31 


"95 


» U. M., Benetnasch, 


2 


13 4o 


57 


50 


8 


58 


June. 


2 


96 


f Centauri, 


3 


13 45 


11 


46 


27 


37S. 




3 


97 


« Bcotis, 


3 


13 46 


32 


19 


14 


39 




4 


98 


Centauri, 


1.2 


13 52 


8 


59 


33 


36S. 




5 


99 


* Draconis, Thuban, 


3 


13 59 


52 


65 


10 


31 




7 


100 


a Bootis, Arcturus, 


1 


14 8 


3 


20 


3 


21 




8 


101 


« Centauri, 


2.3 


14 24 


54 


41 


25 


OS. 




13 


102 


y Bootis, Seginus, 


3 


14 25 


17 


39 


2 


32 




13 


103 


* Centauri, 


1.2 


14 28 


58 


60 


9 


28S. 




14 


104 


* Lupi, 


3 


14 30 


46 


46 


39 


47S. 




14 


105 


*- Bootis, Mirac, 


3 


14 37 


41 


27 


47 


2 




16 


106 


* Librae, Zubenesch, 


2.3 


14 41 


27 


15 


20 


29S. 




17 


107 


U. Mino., Kochah, 
Bootis, Nekkar, 


3 


14 51 


16 


74 


50 


17 




19 


108 


3 


14 55 


12 


41 


3 


18 




20 


109 


Librae, Zubenelg, 


2.3 


15 8 


2 


8 


45 


41S. 




23 


110 


«f Serpentis, 

* C. Bbr., Alphacca, 

/ Serpentis, Unuk, 


3 


15 26 


32 


11 


6 


14 




28 


111 


2 


15 27 


37 


27 


16 


55 




28 


11-2 


2 


15 36 


3 


6 


57 


24 




30 


113 


/8 Serpentis, 


"^3 


15 38 


29 


16* 


57 


7 


July. 


~1 


114 


• Serpentis, 


3 


15 42 


36 


6 


59 


7 




2 


115 


y Serpentis," 


3 


15 48 


26 


16 


12 


59 




3 


116 


5r Scorpii, 


3 


15 48 


4 


25 


37 


US. 




3 


117 


J Scorpii, * 


3 


15 50 


28 


22 


8 


18S. 




4 


lis 


Scorpii, 


2 


15 55 


44 


19 


20 


28S. 




5 


119 


B Draconis, 


3 


15 58 


37 


59 





32 




6 





TABLE n.— Coatuved 










i 


Nwaes of the Stars. 


1 


Right 
Ascension. 


Declination. 


On the^l* 
Merid.,Q 


120 


J* Ophiu., Yed, or Jed. 


3 


H. 

16 


5 


8. 

36 


o 

3 


15 


18S. 


July. 


7 


121 


f Ophiuchi, 
V Hercules. 


3 


16 


9 


39 


4 


16 


37S. 




8 


122 


3 


16 


14 


23 


19 


33 


1 




9 


123 * Scorpii, Antares, 


1 


16 


19 


10 


26 


3 


7S. 




11 


124U Draconis, 


3 


16 


2i 


12 


61 


53 


38 




11 


125 ;8 HerculeSjRutilicus, 


3 


16 


23 


22 


21 


57 


36 




12 


126^ Ophiuchi, 

127i* Triang. Australis, 

128 i Hcrculis, 

129 • Scorpii, 


3 


16 


27 


45 


10 


13 


15S. 




13 


2,3 


16 


31 


3 


68 


42 


23S. 




14 


3 


16 


34 


59 


31 


54 


39 




15 


3 


16 


39 


4 


33 


58 


40S. 




16 


130;^ I Scorpii, 
131'^ Scorpii, 
132 f Herculis, 


3 


16 


40 


8 


37 


45 


14S. 




16 


3 


16 


42 


52 


41 


3 


33S. 




17 


3 


16 


54 


14 


31 


10 


40 




19 


133, Ophiuchi, 

134|« Her., Ras AlgetW, 


2.3 


17 





50 


15 


30 


35S. 




21 


2.3 


17 


7 


2 


14 


35 


17 




23 


135'/ Herculis, 


3 


17 


8 


20 


25 


2 


43 




23 


130 7 Draconis, 
137,* Arse, 


3 


17 


8 


23 


65 


55 


12 




23 


3 


17 


18 


57 


49 


43 


51S. 




24 


133;^ Scorpii, Lesath, 


2.3 


17 


^2 


58 


36 


58 


24S. 




27 


1391 Scorpii, 

140 4 Ophiu., Ras Alhag. 


3 


17 


25 


20 


42 


52 


55S. 




27 


2 


17 


28 


11 


12 


41 


20 




28 


141/3 Ophiuchi, Cheieb, 


3 


17 


35 


36 


4 


33 


40 




30 


142, T' Ophiuchi, 


3 


xa 


39 


56 


2 


46 


43 




31 


143;> Draconis. Rastaben, 


2.3 


17 


52 


44 


51 


"so" 


~4i~ 


Aug. 


"i 


144> 2 Sagittarii, 


3 


17 


55 


5 


30 


24 


40S. 




4 


145> Sagittarii, 


3 


18 


10 


1 


29 


53 


28S. 




8 


14Gt Sagittarii, 


2.3 


18 


12 


48 


34 


27 


14S. 




8 


147j* Lyrse, Vega, 
148 «r UrssB Minoris, 


1 


18 


26 


11 


38 


38 







12 


3 


18 


28 


6 


86 


35 


47 




12 


149/8 LyrsB, 


2.3 


18 


43 


55 


33 


10 


33 




17 


150, <»■ Sagittarii, 


2 


18 


44 


58 


26 


29 


42S. 




17 


151 fl Serpentis, Alga, 


3 


18 


47 


36 


3 


59 


20 




18 


152 > Lyrae, 


3 


18 


49 


6 


36 


41 


28 




18 


153;^ Sagittarii, 


3 


18 


52 


1 


30 


6 


40S. 




19 


154> LyrsB, Jugum., 


3 


18 


52 


11 


32 


27 


47 




19 


155 • Aquite, 


3 


18 


52 


26 


14 


50 


4 




19 


156'<f A.. Deneb el Okab, 


3 


18 


57 


44 


13 


37 


20 




20 


157 


JT Sagittarii, 


3 


18 


59 


54 


21 


16 


56S. 




21 


158 


A Sagittarii, 


3.4 


19 


12 


19 


40 


55 


9S. 




34 


159 


/ Draconis, 


3 


19 


12 


29 


67 


21 


59 




24 



TABLE II.— Continued. 



£ 


Names of the Stars. 


2_ 


Right 
Ascension. 


Declination. 


On the 
Merid. 


t 


160 


J" Aquils, 


3 


H. 

19 


M. 

17 


8 

5 


o 

2 


46 


57 


Aug. 


26 


IGl 


b Vulpeculae, 


3.4 


19 


21 


20 


24 


20 


5 




27 


162!^ Cygni, Albireo, 


3 


19 


24 


17 


27 


36 


51 




28 


163 y Aquilae, Tarazed, 


3|19 


38 


19 


10 


12 


48 




31 


164 J^ Cygni, 


3 


19 


40 





44 


43 


25 


Sept. 


1 


165k Aquilae, Altair, 


1.2 


19 


42 


38 


8 


26 


2 




1 


166 ifi Aquilae, Alshain, 

167 8 AquUae. 


3 
3 


19 
20 


47 
2 


7 
38 


5 

1 


59 
18 


47 
39S. 




3 

7 


168 


fit 1 Capri., Dshabeh, 


3 


20 


8 


23 


13 


1 


59S. 




9 


169 


A 2 Capricorni, 

Capricorni, Dabih, 


3 


20 


8 


47 


13 


3 


16S. 




9 


170 


3 


20 


11 


48 


15 


18 


15S. 




10 


171 


A Pavonis, 


1.2 


20 


12 


23 


57 


15 


42S. 




10 


172 


-y Cygni, Sa'dr, 
c Delphini, 


3 


20 


16 


11 


39 


43 


32 




11 


173 


3 


20 


25 


32 


10 


44 


29 




13 


174 


^ Delphini, Rotanen, 


3 


20 


29 


29 


13 


59 


53 




15 


175 


at Delphini, Scalovin, 


3 


20 


31 


53 


15 


59 


32 




15 


176 


/ Delphini, 


3 


20 


35 


29 


14 


28 


53 




16 


177 


* Cygni, Deneb, 
y Delphini, 


1.2 


20 


35 


45 


44 


41 


15 




16 


178 


3 


20 


38 


29 


15 


31 


47 




17 


179;f Cygni, Gienah, 


3 


20 


39 


16 


33 


20 


16 




17 


180 f Cygni, 


3 


21 


5 


22 


29 


32 


45 




25 


181 A Cephei, Alderamin, 


3 


21 


14 


35 


61 


52 


45 




27 


182^3 Aquarii, 


3 


21 


22 


46 


6 


18 


9S. 




29 


183 ^ephei, Alphirk, 


3 


2r 


26 


28 


69 


49 


43 


Oct. 


"i 


184 JT' Capricorni, 


3 


21 


30 


45 


17 


24 


48S. 




3 


185 • PegaSi,Enif, 


2.3 


21 


35 


32 


9 


6 


47 




4 


186 (^ Capricorni. 


3 


21 


37 


49 


16 


52 


338. 




9 


187 


at Aquarii, 


3 


21 


57 


12 


1 


7 


33S. 




9 


188 


* Gruis, 


2 


21 


57 


40 


47 


45 


38S. 




11 


189 


f Cephei, 


3 


22 


5 


5 


57 


22 


59 




13 


190 


y Aquarii, 


3 


22 


12 


38 


2 


13 


40S, 




16 


191 


p Piscis Australis, 


3 


22 


21 


50 


33 


11 


44S. 




18 


192 


• Piscis Australis, 


3 


22 


31 


49 


27 


54 


48S. 




19 


193 


f Pegasi, 


3 


22 


33 


36 


9 


57 


49 




22 


194 


J" Aquarii, Scheat, 


3 


22 


45 


43 


26 


42 


31S. 




•23 


195 


* Pise. Aust..Foraalh. 


1 


22 


48 


24 


30 


30 


18S. 




24 


196 


fi Pegasi, Scheat, 


2 


^ 


55 


32 


27 


10 


27 




25 


197 


* Pegasi, Markab, 


2 


22 


56 


"iT 


14 


18 


37 


N07, 


"i 



37 



TABLE II.— Coatinaed. 



i 


Names of the Stars. 


1 


Righl 
Ascension. 


Declination. 


On the 
Merid. 


1 








B. 


M- 


8. 


o 


/ 


// 






198 


y Cephei, Er Rai, 
* AndromedaB, Alph.) 


323 


32 


16 


76 


41 


52 


Nov. 


10 


199 


-223 


59 


46 


28 


10 


9 




10 


200 


P Cassiopeiac, Chaph, 


324 





36 


58 


13 


47 




11 


201 y Pegasi, Algenib, 


3 





4 


39 


14 


15 


22 




14 


202^ Hydras, 
203 « PhcBnicis, 


3 





15 


56 


78 


12 


7S. 




14 


2.3 





18 


1 


43 


12 


12s. 




17 


204^ Andromedse. 


3 





30 


36 


29 


56 







17 


205 * Cassiop., Schedir, 

206 ^ Ceti, Deneb Kaitos, 


3 





31 


5 


55 


37 


13 




18 


2 





35 


12 


18 


54 


17S. 




21 


2077- Cassiopeia, 


3 





46 


41 


59 


48 


41 




24 


208 11 U. M. Alraccabah, 


2.3 







19 


88 


25 


7 




24 


209/8 Andra.Mirach, 


2 







45 


34 


44 


10 




28 


210V Cassio., Ruchbah, 


3 




14 


57 


59" 


21 


54 


Dec. 


"2 


211 A EradaDi, Achernar, 


1 




31 


21 


58 


12 


37S. 




4 


21-2e Cassiapeiae, 

213 1/ Ceti, Baton Kaitos, 

2l4')g Arietis, 


3 




42 


11 


63 


50 


42 




4 


3 




43 


35 


11 


9 


36S. 




5 


3 




45 


45 


20 


59 


30 




7 


215 


* Piscium,ElRischa, 


3 




53 


38 


1 


57 


19 




7 


216 


y Andre, Almaach, 


2 




53 


54 


41 


31 


32 




8 


217 


* Arietis, or El Nath, 
Ceti, Mira, 


2 




57 


47 


22 


40 


11 




11 


218 


2 


2 


10 


36 


3 


43 


59S. 




15 


219 


i Ceti, 


3 


2 


30 


38 





23 


15S. 




15 


220 


f Ceti, 


3 


2 


31 


31 


12 


34 


49S. 




16 


221 


y Ceti, 


3 


2 


34 


38 


2 


31 


57 




20 


222 


y Persei, 

X Ceti,Menkar, 


3 


2 


52 


13 


52 


60 


46 




20 


223 


2 


2 


53 


33 


3 


25 


54 




21 


224 


/8 Persei, Algol, 


var. 


2 


56 


52 


40 


18 


30 




23 


225 


* Fornax Chemica, 


3 


3 


5 


20 


29 


39 


50S. 




23 


226 


f Eridani, 


3 


3 


7 


31 


9 


26 


31S. 




25 


227 


* Persei, Algeneb, 


2 


3 


12 


26 


49 


15 


38 




27 


228 


• Eridani, 


3 


3 


25 


32 


10 


1 


26S. 




29 


229 


•T Persei, 


3 


3 


31 


4 


47 


14 


54 




30 


230 


«r Eridani, 


3 


3 


35 


31 


10 


20 


16S. 




30 


231 


« Pleiades, Alcyone, 


3 


3 


37 


34 


23 


35 


4 






^ 


i Persei, 


"5 


"T 


44 





sT 


23 


26 


Jan. 


~1 



TABLE m. 

Exhibiting the Sim's Right Ascensioii, in Time^ for every day m the 
year. 



i_ 


January. 


February. 


March. 


AprU. 


May. 


June. 


l^ 




h. m. 8. 


h. m. s. 


h. m. 8. 


h. m. s. 


h. m. 8. 


h. m. B. 




I 


18 46 21 


20 58 43 22 47 51 


41 25 


232 36 


4 35 .4 


I 


2 


18 50 46 


21 2 4722 51 36 


045 3 


2 36 25 


4 39 19 


2 


3 


18 55 11 


21 6 5022 65 19 


48 42 


3 40 14 


4 43 25 


3 


4 


18 59 35 


21 10 53 22 59 3 


52 20 


244 4 


4 47 31 


4 


5 


19 3 59 


21 14 5423 2 46 


55 59 


2 47 55 


4 61 38 


5 


6 


19 8 22 


21 18 5523 6 28 


69 57 


2 61 46 


4 65 45 


6 


7 


19 12 45 


21 22 55 23 10 10 


1 3 16 


2 55 37 


4 69 52 


7 


8 


19 17 7 


21 26 54 23 13 52 


1 656 


2 69 30 


6 3 59 


8 


9 


19 21 29 


21 30 53 23 17 33 


1 10 35 


3 322 


5 8 7 


9 


10 


19 25 60 


21 34 50 23 21 14 


1 14 15 


3 7 16 


5 12 15 


10 


11 


19 30 11 


21 38 4723 24 54 


1 17 55 


3 11 10 


5 16 24 


11 


13 


19 34 31 


2143 43 23 28 35 


1 21 35 


3 15 4 


5 20 33 


12 


13 


19 38 50 


21 46 3823 32 14 


1 25 15 


3 19 


5 34 41 


13 


14 


19 43 9 


21 60 33 23 36 54 


1 28 56 


3 23 55 


5 38 50 


14 


15 


19 47 27 


21 54 2723 39 34 


1 32 38 


3 36 52 


5 33 59 


15 


16 


19 51 45 


21 58 2023 43 13 


1 36 19 


3 30 49 


5 37 9 


16 


17 


19 56 1 


22 2 1223 46 52 


1 40 1 


3 34 46 


5 41 18 


17 


18 


20 18 


22 6 4 23 50 31 


1 43 44 


338 44 


6 45 38 


18 


19 


20 4 33 


22 9 65 23 54 9 


1 47 26 


3 43 43 


6 49 37 


19 


90 


20 8 48 


22 13 45 23 67 48 


1 61 10 


3 46 43 


5 63 47 


20 


21 


20 13 2 


22 17 35 


1 26 


1 54 53 


3 50 43 


5 67 67 


21 


22 


20 17 15 


32 21 24 


5 4 


1 58 37 


3 54 43 


6 3 7 


23 


23 


20 21 27 


32 25 13 


8 43 


2 322 


358 44 


6 6 16 


33 


24 


20 25 39 


22 29 1 


13 21 


2 6 7 


4 345 


6 10 36 


34 


25 


20 29 5022 32 48 


15 59 


2 9 53 


4 6 47 


6 14 35 


35 


26 


20 34 22 36 35 


19 37 


2 13 39 


4 10 49 


6 18 44 


26 


27 


20 38 9 22 40 21 


33 15 


2 17 26 


4 14 53 


622 54 


27 


28 


20 42 18 22 44 6 


36 53 


2 21 12 


4 18 66 


627 3 


28 


29 


20 46 25 




30 31 


224 59 


433 


6 31 11 


29 


30 


20 50 32 




34 9 


3 28 47 


427 4 


635 20 


30 


81 


20 54 38 




37 47 




4 31 8 




31 



TABL£ m.— CoatinQea. 



k 


Julj. 


A^ugust 


Bept 


Oct 


Nov. 


Dec. 


1 




h. m. 6. 


h m. B. 


h. m. B. 


h. m. B. 


tL m. s. 


h. m. B. 




I 


6 39 28 


8 44 22 


10 40 30 


12 28 35 


14 24 45 


16 28 29 


1 


2 


6 43 36 


8 48 15 


10 44 8 


12 32 12 


14 26 41 


16 32 48 


2 


3 


6 47 44 


8 52 7 


10 47 45 


12 35 50 


14 32 37 


16 37 8 


3 


4 


6 51 52 


8 55 59 


10 51 22 


12 39 28 


14 36 34 


16 41 29 


4 


5 


6 55 59 


8 59 50 


10 54 59 


12 43 6 


14 40 32 


16 45 50 


5 


6 


7 6 


9 3 40 


10 58 36 


12 46 45 


14 44 30 


16 50 12 


6 


7 


7 4 12 


9 730 


11 2 12 


12 50 24 


14 48 30 


16 54 34 


7 


8 


7 8 18 


9 11 19 


11 5 48 


12 54 4 


14 52 30 


16 58 57 


8 


9 


7 12 24 


9 15 8 


11 9 24 


12 57 44 


14 56 31 


17 3 20 


9 


10 


7 16 30 


9 18 56 


11 13 


13 1 24 


15 34 


17 7 44 


10 


11 


7 20 35 


9 22 44 


11 16 36 


13 5 5 


15 4 37 


17 12 9 


11 


12 


7 24 39 


9 26 31 


11 20 12 


13 8 47 


15 8 41 


17 16 33 


12 


13 


728 43 


9 30 18 


11 23 48 


13 12 29 


15 12 45 


17 20 58 


13 


14 


7 32 47 


934 4 


11 27 23 


13 16 12 


15 16 51 


17 25 24 


14 


15 


736 50 


9 37 49 


11 30 59 


13 19 55 


15 20 57 


17 29 49 


15 


16 


740 53 


9 41 34 


11 34 34 


13 23 38 


15 25 5 


17 34 15 


16 


17 


7 44 55 


9 45 19 


11 38 10 


13 27 23 


15 29 13 


17 38 41 


17 


18 


7 48 57 


9 49 3 


11 41 45 


13 31 8 


15 3S 22 


17 43 8 


18 


19 


7 52 58 


9 52 46 


11 45 21 


13 34 53 


15 37 32 


17 47 34 


19 


SO 


7 56 59 


9 56 29 


11 48 56 


13 38 39 


15 41 42 


17 52 1 


20 


21 


8 59 


10 12 


11 52 32 


13 42 26 


15 45 54 


17 56 27 


21 


22 


8 4 59 


10 3 54 


11 56 8 


13 46 13 


15 50 6 


18 54 


22 


23 


8 858 


10 7 35 


11 59 43 


13 50 1 


15 54 19 


18 5 21 


23 


24 


8 12 56 


10 11 16 


12 3 19 


13 53 50 


15 58 33 


18 9 47 


24 


25 


8 16 54 


10 14 57 


12 6 55 


13 57 39 


16 2 47 


18 14 14 


25 


26 


8 20 52 


10 18 37 


12 10 31 


14 1 29 


16 7 2 


18 18 40 


26 


27 


824 48 


10 22 17 


12 14 7 


14 5 20 


16 n 18 


18 23 7 


27 


28 


828 44 


10 25 56 


12 17 44 


14 9 12 


16 15 35 


18 27 33 


28 


99 


8 32 39 


101» 35 


12 21 21 


14 13 4 


16 19 52 


18 31 59 


29 


30 


8 36 34 


10 33 14 


12 24 57 


14 16 57 


16 24 10 


18 36 24 


30 


31 


840 28 


10 36 52 




14 20 51 




18 40 50 


31 









TABLE IV, 








Showing the Right Ascension of the Mid-Heaven at 9o*clodLin th« 


evening, for every day in the year. 


l^ 


January. 


February. 


March. 


Apnl. 


May. 


June. 


1 


h. m. 8. 


h. m. s. 


h. m. s. 


h. m. 8. 


h. m. 8. 


h. m. 8. 




i 


3 46 21 


5 58 45 


7 47 51 


9 41 25 


11 32 36 


13 35 14 


1 


2 


350 46 


6 2 47 


7 51 35 


9 45 3 


11 3^25 


13 39 19 


2 


3 


3 55 11 


6 6 50 


7 55 19 


948 42 


11 40 14 


13 43 25 


3 


4 


3 59 35 


6 10 53 


7 59 3 


9 52 20 


11 44 4 


13 47 31 


4 


5 


4 3 59 


6 14 54 


8 246 


9 55 59 


11 47 55 


13 51 38 


5 


6 


4 8 22 


6 18 55 


8 628 


9 59 57 


11 51 46 


13 55 45 


6 


7 


4 12 45 


6 22 55 


8 10 10 


10 3 16 


11 55 37 


13 59 52 


7 


8 


4 17 7 


6 26 54 


8 13 52 


10 6 56 


11 59 30 


14 3 59 


8 


9 


4 21 29 


6 30 53 


8 17 33 


10 10 35 


12 3 22 


14 8 7 


9 


10 


4 25 50 


6 34 50 


8 21 14 


10 14 15 


12 7 16 


14 12 15 


10 


11 


4 30 11 


6 38 47 


8 24 54 


10 17 55 12 11 10 


14 16 24 


11 


12 


4 34 31 


6 42 43 


8 28 35 


10 21 35 


12 15 4 


14 20 32 


12 


13 


4 38 50 


6 46 38 


8 32 14 


10 25 15 
10 28 66 


12 19 


14 24 41 


13 


14 


4 43 9 


6 50 33 


835 54 


12 22 55 


14 28 50 


14 


15 


4 47 27 


6 54 27 


8 39 34 


10 32 38 


12 26 52 


14 32 59 


15 


16 


4 51 45 


658 20 


8 43 13 


10 36 19 


12 30 49 


14 37 9 


16 


17 


4 56 1 


7 2 12 


8 46 52 


10 40 1 


12 34 46 


14 41 18 


17 


18 


5 18 


7 6 4 


8 50 31 


10 43 44 


12 38 44 


14 45 28 


18 


19 


5 4 33 


7 9 55 


854 9 


10 47 26 


12 42 43 


14 49 37 


19 


20 


5 848 


7 13 45 


8 57 48 


10 51 10 


12 46 42 


14 53 47 


20 


21 


5 13 2 


7 17 35 


9 1 26 


10 54 53 


12 50 42 


14 57 57 


21 


22 


5 17 15 


7 21 24 


9 5 4 


10 58 37 


12 54 42 


15 2 7 


22 


23 


5 21 27 


7 25 13 


9 843 


11 2 22 


12 58 44 


15 6 16 


23 


24 


5 25 39 


729 1 


9 12 21 


11 6 7 


13 2 45 


15 10 26 


24 


25 


5 29 50 


7 32 48 


9 15 59 


11 9 53 


13 6 47 


15 14 35 


25 


26 


534 


7 36 35 


9 19 37 


11 13 39 


13 10 49 


15 18 44 


26 


27 


5 38 9 


7 40 21 


9 23 15 


11 17 25 


13 14 52 


15 22 54 


27 


28 


5 42 18 


744 6 


926 53 


11 21 12 


13 18 56 


15 27 3 


28 


29 5 46 25 




9 30 31 


1124 59 


13 23 


15 31 11 


29 


30 5 50 32 




934 9 


1128 47 


13 27 4 


15 35 20 


30 


31 


5 54 38 




9 37 47 




13 31 8 




31 



27» 



TABLE IT.--€oiitinaed. 



1 


Jalr. 


^DfOlt 


Sept 


Oct 


Not. 


Dec. 


1 




h. m. 8. 


h. m. B. 


h. m. s. 


h. m. s. 


h. m. 8. 


h. m. B. 




1 


15 39 28 


17 44 22 


19 40 30 


21 28 35 


23 24 45 


1 28 29 


1 


2 


15 43 36 


17 48 15 


19 44 8 


21 32 12 23 28 41 


1 32 48 


2 


3 


15 47 4417 52 7 


19 47 45 


21 35 50 23 32 37 


1 37 8 


3 


4 


15 51 52 17 55 59 


19 51 22 


21 39 28 


23 36 34 


1 41 29 


4 


5 


15 55 59 17 59 50 


19 54 59 


21 43 6 


23 40 32 


1 45 50 


5 


6 


16 6 18 3 40 


19 58 36 


21 46 45 


23 44 30 


1 50 12 


6 


7 


16 4 12 18 7 30 


20 2 12 


21 50 24 


23 48 30 


1 54 34 


7 


8 


16 8 18 18 11 19 


20 548 


21 54 4 


23 52 30 


1 58 57 


8 


9 


16 12 24 18 15 8 20 9 24 


21 57 44 


23 56 31 


2 320 


9 


10 


16 16 30 18 18 56 20 13 


22 1 24 


034 


2 744 


10 


11 


16 20 35,18 22 44 


20 16 36 


22 5 5 


4 37 


2 12 9 


11 


12 


16 24 39 18 26 31 


20 20 12 


22 8 47 


8 41 


2 16 33 


12 


13 


16 28 43,18 30 18120 23 48 


22 12 29 


12 45 


2 20 58 


13 


14 


16 32 47 18 34 420 27 23 


22 16 12 


16 51 


2 25 24 


14 


15 


16 36 50;i8 37 49,20 30 59 
16 40 53 18 41 34 20 34 34 


22 19 55 


20 57 


2 29 49 


15 


16 


22 23 38 


25 5 


2 34 15 


16 


17 


16 44 5518 45 19 20 38 10 


22 27 23 


29 13 


2 38 41 


17 


18 


16 48 57 18 49 3 20 41 45 


22 31 8 


33 22 


2 43 8 


18 


19 


16 52 58,18 52 46,20 45 21 


22 34 53 


37 32 


2 47 34 


19 


20 


16 56 59 19 56 29,20 48 56 


22 38 39 


41 42 


2 52 1 


20 


21 


17 59119 1220 52 32 


22 42 26 


045 54 


2 56 27 


21 


23 


17 4 59 19 3 5420 56 8 


22 46 13 


050 6 


3 54 


22 


23 


17 8 58,19 7 3520 59 43 


2250 1 


54 19 


3 5 21 


23 


24 


17 12 56 19 11 16|21 3 19 


22 53 50 


058 33 


3 9 47 


24 


25 


17 16 54 19 14 57,21 6 55 


22 57 39 


1 2 47 


3 14 14 


25 


26 


17 20 52 19 18 37,21 10 31 


23 1 29 


1 7 2 


3 18 40 


26 


27 


17 24 48 19 22 17,21 14 7 


23 5 20 


1 11 18 


323 7 


27 


28 


17 28 44 19 25 5621 17 44 


23 9 12 


1 15 35 


327 33 


28 


29 


17 32 39 19 29 35*21 21 21 


23 13 4 


1 19 52 


3 31 59 


29 


30 


17 36 34|l9 33 14)21 24 57 


23 16 57 


1 24 10 


3 36 24 


30 


31 


17 40 28 


119 36 52 


I 


23 20 51 




340 50 


31 



TABLB V. 

Bxhibidiig the Sun's Declinatioii for cyery day in the year. 



1 


January. 


Febnuury. 


March. 


April. 


May. 


June. 


j 




o / tt\f> t tf 


o ; N 


o ; n 


o / // 


o / /; 




1 


23 1 52 17 8 57 


7 39 11 


4 27 37 


15 22 


22 1 44 


1 


2 


^ 56 45 16 51 46 


7 16 22 


450 43 


15 18 26 


22 9 49 


2 


3 


23 51 10 16 34 18 


6 53 27 


5 13 44 


15 36 16 


22 17 30 


3 


4 


22 45 8 16 16 32 


630 26 


536 39 


15 53 50 


22 24 48 


4 


5 


22 38 39 15 58 29 


6 720 


5 59 28 


16 11 8 


22 31 43 


5 


6 


22 31 43 15 40 11 


5 44 9 


6 22 11 


16 28 10 


22 38 14 


6 


7 


22 24 20 15 21 36 


520 53 


644 48 


16 44 56 


22 44 21 


•7 


8 


22 16 31 15 2 46 


4 57 34 


7 7 17 


17 1 25 


92 50 4 


8 


9 


22 8 16 


14 43 40 


4 34 10 


729 40 


17 17 37 


22 55 23 


9 


10 


21 59 34 


14 24 20 


4 10 43 


7 51 54 


17 33 32 


23 19 


10 


11 


21 50 27 


14 4 45 


3 47 13 


8 14 1 


17 49 10 


23 4 50 


11 


12 


21 40 55 


13 44 56 


323 40 


8 36 


18 4 30 


23 8 56 


12 


13 


21 30 57 


13 24 54 


3 5 


8 57 50 


18 19 31 


23 12 39 


13 


14 


21 20 34 


13 4 39 


2 36 28 


9 19 32 


18 34 14 


23 15 56 


14 


15 


21 9 47 


12 44 11 


2 12 49 


9 41 4 


18 48 39 


23 18 50 


15 


16 


20 58 35 


12 23 30 


1 49 9 


10 2 27 


19 2 45 


23 21 18 


16 


17 


20 47 


12 2 38 


1 25 27 


10 23 40 


19 16 31 


23 23 22 


17 


18 


20 35 


11 41 34 


1 1 45 


10 44 44 


19 29 58 


23 25 1 


18 


19 


20 22 37 


11 20 19 


38 3 


11 5 36 


19 43 6 


23 26 15 


19 


20 


20 9 51 


10 58 53 


S. 14 21 


11 26 16 


19 55 53 


23 27 5 


20 


21 


19 56 43 


10 37 17 


N. 9 20 


11 46 48 


20 820 


23 27 30 


21 


22 


19 43 12 


10 15 31 


033 1 


12 7 8 


20 20 26 


23 27 29 


22 


23 


19 29 19 


9 53 36 


56 41 


12 27 15 


20 32 12 


2327 4 


23 


24 


19 15 4 


9 31 31 


1 20 18 


12 47 10 


20 43 36 


23 26 15 


24 


25 


19 28 


9 9 19 


1 43 54 


13 6 52 


20 54 40 


23 25 


25 


26 


18 45 31 


8 46 58 


2 7 28 


13 26 21 


21 5 21 


23 23 21 


26 


27 


18 30 14 


8 24 59 


230 58 


13 45 37 


21 15 41 


23 21 17 


27 


28 


18 14 37 


8 1 53 


254 26 


14 4 40 


21 25 38 


23 18 48 


98 


29 


17 58 40 




3 17 50 


14 23 28 


21 35 14 


23 15 55 


29 


30 


17 42 24 




8 41 10 


14 42 2 


2144 27 


23 12 38 


30 


31 


17 25 50 




4 426 




2153 1*3^ 




31 



TABLB T.— ContiaudL 



1 


July. 


▲OfUltt. 


Bept 


Oet 


Not. 


Dec. 


t 




o / // 


1 tt 


/ tr 


f tt 


/ tt 


/ ft 




1 


23 8 56|l8 6 40 


8 23 33 


3 5 22I14 22 19;21 47 34 


1 


9 


23 4 49,17 51 30 


8 1 44 


3 28 4014 41 30 21 56 46 


3 


S 


23 19 17 36 2 


7 39 48 


3 51 56 15 2722 5 34 


3 


4 


22 55 2517 20 17 


7 17 44 


4 15 9; 15 19 9,22 13 55 


4 


5 


22 50 6:17 4 16 


6 55 32 


4 38 20,15 37 37 22 21 51 


5 


6 


22 44 24 16 47 58 


6 33 14 


5 1 27 15 55 49 22 29 21 


6 


7 


22 38 18 16 31 23 


6 10 49 


5 24 30!l6 13 45 22 36 25 


7 


8 


22 31 49 16 14 32 


5 48 18 


5 47 30 16 31 25 5S 43 2 


8 


9 


22 24 56:15 57 26 


5 25 41 


6 10 25 16 48 48'^ 49 12 


9 


10 


22 17 40 15 40 4 


5 2 59 


6 33 15 17 5 55 22 54 55 


10 


11 


22 10 1 15 22 27 


4 40 11 


6 56 017 22 4323 11 


11 


12 


22 1 59 15 4 35 


4 17 18 


7 18 40I17 39 14|23 5 


12 


13 


21 53 34 14 46 29 


3 54 20 


7 41 14 


17 55 27,23 9 21 


13 


14 


21 44 46 14 28 8 


3 31 19 


8 3 41 


18 11 21 '23 13 14 


14 


15 


21 35 3714 9 33 
2] 26 5 13 50 45 


3 8 13 


8 26 2 


18 26 55 23 16 40 


15 


16 


2 45 3 


8 48 16 


18 42 10,23 19 38 


16 


17 


21 16 11 13 31 43 


2 21 51 


9 10 22 


18 57 523 22 7 


17 


18 


21 5 55 13 12 28 


1 58 36 


9 32 21 


19 11 40 23 24 9 


18 


19 


20 55 18,12 53 1 


1 35 18 


9 54 11 


19 25 54 23 25 42 


19 


20 


20 44 20 12 33 22 


1 11 58 10 15 52 


19 a9 47 23 26 47 


20 


21 


20 33 112 13 30 


48 36 10 37 24 


19 53 19 23 27 24 


21 


22 


20 21 2011 53 27 


25 13 10 58 47,20 6 28:23 27 32 


22 


23 


20 9 2011 33 13 


N. 1 49ill 19 59:20 19 15 23 27 13 


23 


24 


19 56 59; 11 12 48 


S.21361141 1120 31 4023 26 24 


24 


25 


19 44 19 10 52 12 


45 1 


12 1 53|20 43 42 23 25 8 


25 


26 


19 31 1810 31 26 


1 827 


12 22 33120 55 2l|23 23 ^ 


26 


27 


19 17 59 


10 10 31 


1 31 52 


12 43 2 21 6 36 23 21 10 


27 


28 


19 4 20 


9 49 25 


1 55 16 


13 3 19 21 17 27123 18 29 


28 


99 


18 50 22 


9 28 10 


2 18 40 


13 23 23 21 27 54 23 15 20 


29 


90 


18 36 6 


9 6 46 


2 42 2 


13 43 15 21 37 56,23 11 43 


30 


SI 


18 2132 


8 45 14 




14 2 54 




23 7 381 


31 



TABLE VI. 

Exhibiting the Sun's mean pUce in the Ediptic, or its Longitude^ 
togetBer with the Right Ascension, for every day in the year. 



cs 



January. 



February. 



March. 



ApriL 



Long. R. A. 



1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

ID 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 



280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 



Long. R. A. 



/ 
39 281 



282 
283 
284 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
.313 



312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
8 330 



331 
332 
333 



22 334 
25 335 



27 



336 



30 337 



32 



338 



34 339 
36 
38 
391 



Long. R. A. 



314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 



340 
341 
342 
343 
344 
345 
346 
347 
348 



Long. [ R. A. 



I 

27 341 
28,342 
28343 

28 344 
28,345 
28.346 
28 347 
28 348 
27349 



58 



11 



5412 



43 349 



350 
351 
352 
353 



37 354 



355 
356 
357 
358 



27 359 
24 000 



21 

18 

15 

12 

9 

5 

2 



350 

351 

352 

353 

353 

354 

355 

356 

357 

358 

359 



1 

2 

3 

4 

4 

5 

6 

7 

8 

9 



9 22 



4 
59 
53 
48 
43 
38 27 



/ o ; 

1610 21 

1511 16 

14jl2 10 

13 13 5 

12'.4 

ll!l4 54 

10;i5 49 

916 44 

817 39 

618 34 

519 29 

420 24 

3 21 19 



32 



28 



27 29 



22 
16 
10 

5 


64 
49 36 



42 



37 



38 38 
32 39 
27 



22 14 

23 9 

24 5 

25 

25 56 

26 51 

27 47 

28 43 

29 39 

30 35 

31 32 

32 28 

33 25 

34 21 

35 18 

36 ]« 

37 la 



f ABLK YI.— Contintted. 



*z 


May. 


June; 


July. 


August 


1 


Long. 


R. A. 


Long. 


R. A. 


Long. 


EL A. 


Long. 


R. A 




o ; 


o f 


o / 


o f 


o / 


o / 


; 


o / 


1 


40 34 


38 9 


70 25 


68 48 


99 4 


99 52|l28 40 


131 5 


2 


41 32 


39 6 


71 23 


69 50 


100 1 


100 54 


129 37 


132 4 


3 


42 31 


40 3 


72 20 


70 51 


100 59 


101 56 


130 35 


133 2 


4 


43 29 


41 1 


73 18 


71 53|l01 66 


102 58 


131 32 


134 


5 


44 27 


41 59 


74 15 


72 541102 53 


104 


132 29 


135 


6 


45 25 


42 56 


75 12 


73 561103 50 


105 1 


133 27 


135 55 


7 


46 23 


43 54 


76 10 


74 58 


104 47 


106 3 


134 24 


136 53 


8 


47 21 


44 52 


77 7 


76 


105 44 


107 5 


135 22 


137 50 


9 


48 19 


45 6 


78 4 


77 2 


106 42 


108 6 


136 20 


138 47 


10 


49 16 


46 49 


79 2 


78 4 


107 39 


109 7 


137 17 


139 44 


11 


50 14 


47 47 


79 59 


79 6 


108 36 


110 9 


138 15 


140 41 


12 


51 12 


48 46 


80 56 


80 8 


109 33 


111 10 


139 12 


141 38 


13 


52 10 


49 45 


81 54 


81 10 


110 31 


112 11 


140 10 


142 34 


14 


53 8 


50 44 


82 51 


82 13 


111 28 


113 12 


141 8 


143 31 


15 


54 6 


51 42 


83 48 


83 15 


112 25 


114 13 


142 5 


144 27 


16 


55 3 


52 42 


84 46 


84 17 


113 22 


115 13 


143 3 


145 24 


17 


56 1 


53 41 


85 43 


85 20 


114 20 


116 14 


144 1 


146 20 


18 


56 59 


54 41 


86 40 


86 22 


115 17 


117 14 


144 59 


147 16 


19 


57 57 


55 41 


87 37 


87 24 


116 14 


118 15 


145 56 


148 12 


20 


58 54 


56 41 


88 35 


88 27 


117 11 


119 15 


146 54 


149 7 


21 


59 52 


57 41 


89 32 


89 30 


118 9 


120 15 


147 52 


150 3 


22 


60 50 


58 41 


90 29 


90 32 


119 6 


121 15 


148 50 


150 58 


23 


61 47 


59 41 


91 26 


91 34 


120 3 


122 14 


149 48 


151 54 


24 


62 45 


60 41 


92 24 


92 36 


121 1 


123 14 


150 46 


152 49 


25 


63 43 


61 42 


93 21 


93 39 


121 58 


124 14 


151 44 


153 44 


26 


64 40 


62 42 


94 18 


94 41 


122 56 


125 13 


152 42 


154 39 


27 


65 38 


63 43 


95 15 


95 43 


123 53 


126 12 


153 39 


155 34 


28 


66 35 


64 44 


96 13 


96 46 


124 50 


127 11 


154 37 


156 29 


29 


67 33 


65 45 


97 10 


97 48 


125 48 


128 10 


155 35 


157 24 


30 


68 30 


66 46 


98 7 


98 59 


126 45 


129 9 


156 34 


158 18 


31 


69 28 


67 471 






127 42 


130 7 


157 32 


159 13 



TABLE VI.— Continued. 






September. 



October. 



November. 



December. 



Long. R. A. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 



o / 

158 30 

159 28 

160 26 
16124 

162 22 

163 20 

164 19 

165 17 

166 15 

167 14 

168 12 

169 11 

170 9 
171 
172 
173 
174 
175 
176 

176 59 

177 58 

178 57 

179 56 

180 54 
18153 

182 52 

183 51 

184 50 

185 49 

186 48 



Long. R. A. 



160 
161 



I 

187 47 

188 46 



161 55 189 45 



162 51 

163 45 



390 44 
19143 



164 39 192 43 



165 33 

166 27 

167 21 

168 15 
169 
170 
170 57 
17151 

172 45 

173 39 

174 32 

175 26 



178 
179 



179 56 



193 42 

194 41 

195 40 

196 40 

197 39 

198 39 

199 38 

200 38 
20137 

202 37 

203 36 

204 36 



Long. I R. A. 



/ 



176 20 205 36 

177 14 206 35 



207 35 



2 208 35 



209 35 



180 50 210 35 
18144 21135 

182 38 212 34 

183 32 213 34 

184 26 214 34 

185 20 215 34 

186 14 216 34 

217 34 



187 

188 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

199 

200 

201 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

214 

215 



218 34 

219 35 
57 220 35 
52 221 35 
47 222 35 
41 223 35 
36 224 36 
31 225 36 

26 226 36 

21 227 37 
16 228 37 
12 229 37 

7 230 38 
3 231 38 
59 232 39 
55 233 39 
51 234 40 
47 235 41 
43 236 41 
40 237 42 
36 238 43 
33 239 43 
30 240 44 

27 241 45 
25 242 45 

22 243 46 
20 244 47 
18 245 48 
16 246 49 
14 247 50 
131 



Long. R. A. 



/ 



216 11 248 50 

217 10 249 51 

218 9 250 52 
8 251 63 
8 252 54 
8 253 55 

7 254 56 

8 255 57 
8 256 58 

8 257 59 

9 258 



219 
220 
221 
222 
223 
224 
225 
226 



227 10 260 

228 11 261 

229 13 262 

230 14 263 

231 16 264 

232 18 265 

233 20 266 



234 23 

235 26 



236 28 269 11 

237 31 270 12 



238 35 

239 38 

240 42 
24146 



243 54 

244 58 
246 2 



267 
268 10 



271 14 

272 15 

273 16 

274 17 



242 50 275 18 



276 19 

177 21 

178 22 
(279 23 



247 7 

248 12 

249 17 

250 22 
25128 

252 33 

253 39 

254 44 

255 50 

256 55 

258 2 

259 8 

260 15 
32612] 

262 27 

263 3i 

264 4C 

265 4'3 

266 54 

268 ( 

269 1 

270 14 

271 2C 

272 27 

273 34 

274 40 

275 47 

276 63 

278 0. 

279 6 

280 13 



TABLE Vn. 

Eiliibitixig the Right ABcenoon and Decimation of the Planets, and the 
time of tbeir passing tlw Meiidian, for 1833. 



^ 


1 


VSMUS. 


Mabs. ' 


JunTBB. 


Batubm; 


^ 


R.as. 


Deo 


PaM 


a. as- 


Dec- Pass 1 


R.as-! Dec- Pass 


R.BS- 


Dec- Pass 


* 


cen- 


lioa- 


Her. 


cen- 


lina- 


Mer. 


cen- lina^ Mer, 


cen- 


linar Mer. 


s_ 


aioa. 


Uon. 




sion. 


tion. 




sion. tion. 


sion. 


tion. 


*"*" 




h. m. 


O ' 


h.in. 


h. m. 


O ' 


h. m. 


h. m. o ' h. m. 


h.m. 


o 'h.m. 


1 


1 


91 30 


16 44 


242 


8 13 


20 8 


824 


S23 35 4 6 


4 46 


11 57 


2 4817 6 


7 


2158 


14 12 


244 


3 16 


20 22 


8 1 


23 38 343 


424 


U 57 


2 49 16 40 


13 


22 25 


»Ji 


245 


3 21 


20 41 


7 40 


23 42 3 18 


4 1 


11 57 


2 61 16 14 


19 


22 61 


246 


327 


21 4 


7 21 


23 46 


252 


339 


1156 


2 65 15 43 


•^ 


25 


23 17 


6 31 2 46 


335 


2129 


7 3 


23 50 


224 


3 18 


11 56 


3 015 22 


"T^ 


T 


23 46 


164 


247 


344 


22 2 


644 


23 65 


149 


255 


11 55 


3 9 14 52 


§ 


7 


Oil 


1 14 


8 47 


354 


22 29 


629 


23 59 


1 n 


235 


11 54 


3 17; 14 27 


1 


13 


036 


420 


2 47 


4 4 


22 57 


6 16 


4 


47 


2 16 


11 53 


3 26 14 3 


Z 


19 


058 


723 


2 47 


4 15 


23 24 


6 4 


9 


15 


158 


11 51 


3 36 13 38 


£ 


25 


122 


10 19 


248 


427 


23 60 


553 


14 


18 


1 40 


11 60 


3 47,13 14 




T 


1 37 


12 11 


248 


435 


21 5 


5 46 


17 


040 


1 28 


11 49 


3 5412 58 


^ 


7 


169 


14 63 


248 


448 


24 27 


636^ 


023 


1 14 


1 11 


11 47 


4 612 34 


1 


13 


222 


17 22 


248 


5 1 


24 45 


528 


028 


1 48 


054 


11 45 


4 18 12 M 

4 29;il 46 


19 


243 


19^ 


248 


5 15 


24 59 


5 19 


033 


223 


038 


1144 


25 


3 3 


2136 


246 


528 


25 9 


5 11 


038 


267 


21 


11 42 


4 40,1123 




1 


324 


23 331 2 42 


6 45 


25 16 


5 2 


45 


337 


2 


U 40 


453 


10 56 


t 


7 


340 


2153 


236 


569 


25 16 


4&5 


050 


4 11 


23 43 


11 38 


5 2 


10 32 


13 


353 


25 51 


226 


6 14 


25 11 


4 47 


055 


4 44 


23 26 


11 37 


5 11 


10 9 


^ 


19 


4 1 


26 26 


2 13 


629 


25 2 


440 


1 1 


5 17 


23 9 


11 36 


5 19 


946 




26 


4 6 


26 33 


154 


644 


24 46 


433 


1 6 


550 


22 52 


1134 


525 


9 22 




T 


4 3 


26 8 


129 


669 


24 26 


425 


1 11 


622 


22 36 


1134 


530 


858 




7 


351 


25 4 


068 


7 14 


24 


4 17 


1 16 


653 


22 17 


11 33 


634 


835 


1 


13 


342 


23 22 


21 


729 


23 29 


4 « 


1 21 


723 


21 68 


11 32 


536 


8 11 


19 


82r 


21 1323 37 


7 44 


22 52 


4 


126 


752 


21 40 


11 32 


537 


7 47 




25 


3 IS 


18 58,23 2 


759 


22 11 


350 


181 


820 


21 20 


11 32 


636 


723 


•— . 


"T 


3 6 


16 46 22 25 


8 16 


21 16 


339 


137 


8 51 


20 57 


if^ 


634 


664 


A 


7 


3 4 


15 28 21 59 


8 31 


20 23 


330 


1 41 


9 11 


20 37 


1132 


630 


630 


1 


13 


a 7 


14 50 21 39 


8 46 


19 26 


8 19 


146 


940 


20 17 


1133 


524 


6 6 


1 


19 


3 15 


U 44 21 22 


9 


18 26 


3 9 


1 60 


10 2 


19 56 


1134 


5 18 


^42 




26 


82r 


15 6 


.2110 


916 


17 19 


2 69. 


164 


10 23 


19 35 


1135 


5 10 


618 



TABLE VIL for 1833-Continaed. 



1 


«l 


Vehub. 1 


Mab& 1 


JUIITJUL 1 


Satdbm. 


R.a8- 


Dec- Paas 


R.a8- 


I>ec-Pa8a!B.a8-| 


Deo 


Pass B,a8-1 


]>eG. 


PMS 


£ 


1 


cen- 


Una- Mer. 


cen- 


lini^ 


Mer. 


cen- 


Una* 


Her. 


ci>n- 


Una- 


Mer. 


sion. 


tion. 


sioa. 


tion. 




sion. 


tion. 




Bion. 


tion. 








tLm. 


o ' h.m. 


ii m. 


O ' 


h.m. h.m.| 


O ' 


h.m. 


turn. 


* 


b.m. 




i 


342 


15 43 21 


929 


16 9 


248 


167 


10 42 19 14 


1136 


6 1 


456 


^ 


7 


3 59 


16 33 20 63 


943 


14 66 


238 


2 1 


10 59 18 63 


1138 


450 


4 31 


g 


13 


4 19 


17 30 20 48 


958 


13 9 


228 


2 4 


11 15 18 31 


11 39 


439 


4 9 




19 


4 40 


18 26 20 46 


10 12 


12 19 


2 18 


2 7 


11 28 18 10 


11 41 


426 


346 




25 


6 3 


19 17,20 45 


10 26 


10 56 


2 8 


2 9 


1140 


17 48 


11 43 


413 


324 




T 


532 


20 6 20 46 


10 42 


915 


166 


2 11 


11 51 


17 33 


1146 


356 


259 


^ 


7 


558 


20 36 20 49 


10 66 


7 47 


147 


2 13 


1157 


17 2 


1147 


3 41 


239 


1 


13 


624 


20 5120 53 


U 10 


6 17 


138 


2 14 


12 2 


16 40 


11 60 


326 


218 


f 


19 


6 52 


20 49 20 68 


11 24 


4 45 


130 


2 15 


12 4 


16 19 


1162 


3 10 


168 


< 


26 


720 


20 30 21 3 


1138 


3 11 


122 


2 15 


12 4 


15 67 


1166 


263 


139 




T 


7 63 


19 43 21 12 


11 56 


121 


1 13 


2 15 


12 1 


15 31 


1158 


233 


1 16 


^ 


r 


8 21 


18 42 21 19 


12 9 


15 


1 6 


2 14 


11 66 


15 9 


12 


2 16 


067 


£ 


13 


860 


17 22,21 26 


12 23 


161 


069 


2 13 


1148 


14 46 


12 3 


168 


038 


& 


19 


9 18 


15 45 21 33 


12 38 


326 


51 


2 11 


1139 


14 23 


12 6 


•1 41 


19 




25 


9 46 


13 51,21 39 


12 62 


5 2 


044 


2 9 


1127 


13 59 


12 8 


123 


1 


_ 
J 


"7 


10 14 


11 42'2l 45 


13 7 


6 37 


037 


2 7 


11 14 


13 35 


12 11 


1 6 


23 38 


7 


10 41 


9 20 21 61 


13 22 


8 10 


030 


2 4 


11 013 11 


12 14 


48,23 19 


■O 


13 


11 9 


6 48 2166 


13 37 


943 


023 


2 1 


10 44!l2 46 


12 17 


31 


23 


19 


1136 


4 822 1 


13 62 


11 13 


16 


158 


10 27 


12 20 


12 19 


16 


22 40 


25 


12 3 


12122 6 


14 8 


12 41 


9 


1 55 


10 11 


1164 


12 22 


1 


22 20 




T 


12 35 


157 22 10 


14 26 


14 19 


1 


162 


952 


1124 


12 25 


19 


2166 


^ 


7 


13 2 


4 48 22 13 


14 43 


15 40 


23 62 


149 


936 


10 57 


12 27 


034 


2134 


g 


13 


13 30 


736 


22 17 


14 59 


16 67 


23 44 


1 46 


922 


10 30 


12 29 


47 


21 12 


o 


19 


13 68 


10 18 


22 20 


15 16 


18 9 


23 36 


143 


9 9 


10 3 


12 32 


1 


20 60 


% 


25 


14 27 


12 63 


22 23 


15 33 


19 15 


23 28 


141 


869 


936 


12 34 


1 12 


20 26 




T 


14 66 


15 17 


22 27 


16 61 


20 17 


23 20 


140 


860 


9 8 


12 86 


123 


20 8 


^ 


7 


15 26 


17 28 


22 31 


16 9 


21 11 


23 15^ 


138 


845 


8 41 


12 87 


182 


19 88 


§ 


13 


16 57 


19 21 


22 86 


16 27 


2169 


23 i 


137 


842 


8 14 


12 89 


140 


19 13 


$ 


19 


16 28 


20 66 


22 40 


b6 46 


22 40 


228 


187 


8 41 


747 


B2 40 


147 


18 48 




2B 


17 


23 » 


23 46 


U7 C 


23 13 


32 48 


187 


844 


730 


E24I 


IB 


18 81 



»8 



TABLB m. te iaS6. 



I 



Vamm. 



R.M> 



Dee. 
Una- Mer. 



PWM ll.M> 



Dec-Paaa 
Una. BCer 



Juvmok 



Dec. 
tion. 



Mer. 



Dec- 

Una. 
tion. 



Mer. 



I 



h.in. 
90 18 
2D 

21 4 
2129 
2163 



tkm. 



88 20 



21 171 1 37b8 3ltel 
8 1 42p 44^ 
18 29 1 
16 37 1 
14 83 1 68|19 34hQ 



148 19 
63 19 



US 
(47 



86 23 41 
"28 41 



23 11 
_. », « <.».» ^ 22 39 
22 17^12 20 2 419 aO 22 1 23 36 



6 48 2d 
6 46 23 
6^28 
6 40,23 14 
6 87 23 17 
6 36 23 20 



47 14 



m. 
14 

-- 10 
U 11 21|14 11 

12 

13 

14 14 



11 
10 

10 17 



4014 



10 31 
10 36 
10 41 
10 45 
10 48 
20 61 



li. in. 
19 25 
19 11 
18 63 
18 34 
18 16 
17 66 



I 



22 60 

23 8 
28 30 
28 64 

15 
037 



9 
7 

4 27 
161 
46 
3 23 



2 7 20 13 20 
2 9 a0 26 20 
2122043 



2 14 30 68 
2 17 21 14 
2 19 a 30 



67 

16 

19 19 

18 17 



23 30 
23 27 



(20 



17 10 23 16 
16 68 23 11 



6 8223 23 
6 80,23 25 
6 f28!23 27 
6 27 23 28 
6 26 23 29 
6 26 23 30 



ii 



9 47 14 
9 30 14 
9 8 14 16 
8 48 14 16 
8 27 14 16 
8 7 14 15 



10 53 
10 63 
10 63 
10 
10 60 
10 47 



17 29 
17 14 
16 64 
16 36 
16 16 
16 66 



26 8 46 17 14 



069 

1 16 
138 
8 1 

2 23 



669 
8 1 
10 30 
12 62 
16 8 



2 21|Z146 

157 



12 17 



226 22 13 
2 28 Q 28 10 63 
2 31 22 42 
2 34 22 67 



144223 7 
13 39 23 4 



6 26 



23 31 



(68 
(64 



6 26 23 31 



47 14 



7 56 22 44 



6 
6 97 

29 



23 31 
23 31 
23 31 
23 30 



3214 



7 

7 

7 12 
664 
6 
6 



35 14 
17 14 



14 13 
14 13 
12 
10 



10 44 
10 41 
10 36 
10 30 
10^ 
10 18 



15 36 
15 18 
14 68 
14 38 
14 17 
13 66 



1819 



3721 



3 
3 
4 1 

4 25 
4 49 
6 13 



64 

15 

22 44 

24 


25 45 



2 

2 

2 

2 

264 

2 69 



12 
26 



648 22 37 
4 34 22 33 

8 12227 

127 22 28 
6 22 16 



632 
634 
6 36 
6 39 



139 



22 a 



6 42 23 22 



6 45 



23 49 
23 28 
28 26 
23 24 



23 19 



652 

63G 

6 20 14 6 

5 3 

4 

4 30^ 



147 14 



14 9 
14 8 



14 2 



10 

10 
954 
9 46 
938 
9 31 



13 27 
13 10 
12 49 
12 98 
12 7 
1146 



5 41 

6 026 28 

6 22 
644 

7 6 
725 



26 19 



26 27 
26 10 
26 40 
9168 



3 3 

3 6 054 



9 
8 11 
3 13 
8 13 



1 8 
1 

186 
1 



33022 4 
4 43 2159 

6 12 21-64 

7 40 2148 



9 5 



2143 



10 282137 



6 49 
6 
6 56 
6 69 
7-8 
7. 7 



23 15 
11 
7 

23 2 
22 57 
22 61 



4 10 14 
3 66 13 69 



3 42 



13 ( 



3 26 13 56 

8 10 13 65 
2 54 18 64 



9 
9 16 
9 9 
9 2 
8 66 
8 61 



1120 
11 4 
10 43 
10 29 
10 1 
940 



7 61 

8 4 
8 19 
8 81 
8 41 
8 46 



23 41 
22 49 
2139 
20 25 
19 9 
17 04 



3 11 
8 8 
332 
250 
2 46 



9 10 19 19 21 29 
2 22 13 20 21 28 
2 86 14 

2 60a6 

3 6 16 
8 1917 



32 21 
4121 

46 21 

47 21 



7 13 

f 

7 

726 

7 30 

7 



22 41 2 
36 2 
27 9 

23 19 1 
23 9 1 



17 22 
2122 



8683 



21 13 
6 13 
60 13 
36 13 
20113 



^3 63 
62 
51 



1^ 



8 46 
8 42 
8 39 
8 37 
8 36 
8 36 



9 11 
8 6S 
834 
8 14 
7 64 
7 84 



TABLB TIL for I83»-Caiitinn«d. 



t 



VfiHTJl. 



Itaa-j Dec- 



S 53 



16 29 



3 &2 lu 39 

5 48 H 44 
3 40 14 2 

s 29 13 as 

6 17 la 21 



7 50 13 iM iS 12 
7 filll3.^^;^ 4^J 
7 44,13 M,ii2^4 
7 41 H 16p^ 
7 43 14 SrtlaS 44 
7 4S 14 Sa'21 3l> 



PaG9 
Mer. 



h. in. 
2 14 

1 7 
36 
21 



R.as 

CED 

337 

3 4S 
4 



8 D 15 U 

8 10 IS 17 



8 3'> 
S 65 



14 SS 



21: m 

31 10 

ai 4 

21 
SO 57 

^ 56 



3 
4 IS 
4 m 

4 47 

e 7 

5 Itf 
5;t( 
5 47 
G ] 



6^15 
G4& 

6 aa 

7 12 
735 
7 37 



Dec 









ii. 
td 54 20 66 
19 35 20 ^ 
30 22r2^ 4a 
21 4 20 43 

21 41 50 3^ 

22 13 20 Sj 



aa 60 

m 22 

'2:^ 40 
2y 42, 



JtrFiTSK. 



h, 

7 40 
7 44 
7 49 
7 54 

7 5a 

8 3 



20 25 

ao 16 

20 19 
a) £ 
19 



23 :J7 19 51 
215 31 19 5i:» 
23 ly 19 40, 
23 4|ig ^ 

^ mm 2G 



e 9 



Dec 



50 



21 ^7 
2138 

2t a? 

21 15 

21 •^\ 

20 mn 47 



Pass 
Mer. 



SATtmsr. 






a 13 50 



20 31 23 2G 
S 13^20 iai23 14 
3 18 ai 6^ m 
B 2^19 m^ 44 

8 21 19 37122 2S , 

8 31 19 :£di^ 13 13 58 9 3e 



22 IS 19 IS 3 55 



8 37 

S 40 

3 44 
8 49 
a 52 



13 50 



35 13 60 

2Q 13 BO 

13 £1 

\^ 51 



S3e 
H33 
8 40 
8 43 
8 47 
a 52 



Fobs 
Mer. 



h, nL 
7 10 
655 
e 35 
6 16 
5 57 
5 33 



13 52 9 
13 53 9 

33 &i 9 13' 4 38 



19 2 
13 50 
18 3Fi 
1^ 21 

18 7 
17 5^ 



21 SI 

^il 39 

"Ii 21] 

21 7 

L'O 61 

IB 3.! 



13 51 

13 57 



5 II 

5| 4 E£ 



9 20 

Q ^ 



4 19 
4 J 
3 43 



9 5J 3 17 
10 Oj 3 3 
10 10, 2 45 

10 21 1 2 27 
10 3:21 2 10 
10 44 1 C2 



9 36 12 41 
9 52 11 49 
10 12 10 33 



i^J LO 52 
^ 11 13 



11 43 

12 
12 21 

12 43| 

13 5 
13 27 



9 6 



20 55 
SO 55 
20 55 
30 oC 



7 30i30 C7 

5 46jiJU 58 



7 52 

8 1 
3 13 
3 24 

8 35 
8 45 



21 55 
21 31 
21 
^ 36 
20 6 
19 35 



19 10 

ig 3 

la h^: 
IS 4ft 

J8:?7 

18 28 



9 D 
9 2 
9 5 
9 8 
9 U 
9 13 



3 ?'i21 

1 31,21 
33121 

2 40! 21 

4 48:21 
6 57 21 10 



8 1j9 

9 6 
9 15 
9 23 
9 31 
9 37 



18 51 
18 26 
17 56 
17 27 
17 
16 37 



11^ 14 

\n b 

17 54 

17 43 
17 31 

17 IS 



9 16 
9 18 
9 19 
9 21 
9 22 
9 23 



17 37 
17 26 
17 M 
17 2 
le 51 
16 41 



W m 14 12 
Jfi 3 H 14 



16 23 
16 17, 

16 \i 

16 3 



19 4li 

19 S» 
19 12 

IS 55 



16 14 



18 30 

18 

17 58 
17 40 
17 21 

17 2 



14 Iti 
14 Itl' 
14 20 
14 23 



10 58 
1 T 

U 19 
I 31 
1 43 
1 55 



1! 2)j 
23 
14 30 



1 31 
1 17 
69 
C 42 
26 
7 



12 11 23 n? 

12 'iJ 53 26 

12 3S 23 a 

14 33 U2 43,22 61 
14 35 112 5iS|22 m 
14 37 [13 4 22 1{J 



1 


13 54 


s 


14 13 


10 


14 a& 


16 


is 


20 


16 ai 


2& 


li49 



9 23,21 m 
11 721 15 

13 B|21 20 

14 57 21 2i 
16 41 '21 29 
13 13 21 34 



? 44^ 15 12 
9 49 15 S9 

9 &1 la 47 



9 67 
10 
10 1 



15 m 
15 38 
le 42 



17 1 
16 fiO 

l^^ 35 
16 13 
16 1, 
15 431 



9 ^ 16 5 16 39 
9 23rr6 6 16 23 



9 S3 
9 22 
9 ^ 
20 



16 815 3 
16 12! IS 43 
16 17|i5 
16 9lli 2 



a^i4 



14 40 13 16 21 53 
14 41 ! 13 34^1 41 
14 44;13 3?E.21 at 
14 46 13 42: 21 6 
4.^113 BO 20 43 
14 m\2 fiS 20 30 



ft* 



TABLE VIIL 

To change demes, minutes, and 
seconds of the eqnator, or of 
right ascension, into hours, mi- 
nutes, and seconds, of sidereal 
time. 



TABLE IX. 

To change hours, minutes, and 
seconds, of sidereal time, into 
degrees, minutes, and seconds, 
of the equator, or right ascen- 
sion. 



88^ 


£^ 


"Sf: 


H.M. 
M.8. 


1 

to 


bI 


g 


1 


Mln. 
Sec- 


D. M. 

M. a 


Mln. 
Sec 


D. M. 

M. S. 


Se. 


S.Th. 


Sec 


&Th. 


s 


wa 


£ 


i 


Th. 


S.Th. 


Th. 


8. Th. 


~ 


4 


31 


2 


4 


70 


4 40 


1 


15 


1 


15 


31 


7 45 


2 


8 


32 


2 


8 


80 


520 


2 


30 


2 


030 


32 


8 


3 


12 


33 


2 


12 


90 


6 


3 


45 


3 


45 


33 


8 15 


4 


16 


34 


2 


16 


100 


6 40 


4 


60 


4 


1 


34 


8 30 


5 


20 


35 


2 


20 


110 


720 


5 


75 


5 


1 15 


35 


8 45 


e" 


024 


36 


2" 


24 


120 


8 


"e 


90 


6 


1 30 


36 


9 


7 


028 


37 


2 


28 


130 


8 40 


7 


105 


7 


1 45 


37 


9 15 


8 


032 


38 


2 


32 


140 


9 20 


8 


120 


8 


2 


38 


9 30 


9 


036 


39 


2 


36 


150 


10 


9 


135 


9 


2 15 


39 


9 45 


10 


040 


40 


2 


40 


160 


10 40 


10 


150 


10 


230 


40 


10 


11 


044 


41 


2" 


"44 


170 


11 20 


11 


165 


11 


2 45 


41 


10 15 


12 


048 


42 


2 


48 


180 


12 


12 


180 


12 


3 


42 


10 30 


13 


52 


43 


2 


52 


190 


12 40 


13 


195 


13 


3 15 


43 


10 45 


14 


056 


44 


2 


56 


200 


13 20 


14 


210 


14 


3 30 


44 


11 


15 


1 


45 


3 





210 


14 


15 


225 


15 


3 45 


45 


11 15 


16 


1 4 


46 


r 


4 


220 


14 40 


16 


240 


16 


4 


46 


11 30 


17 


1 8 


47 


3 


8 


230 


15 20 


17 


255 


17 
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47 


11 45 


18 


1 12 


48 


3 


12 


240 


16 


18 


270 


18 


4 30 


48 


12 


19 


1 16 


49 


3 


16 


250 


16 40 


19 


285 


19 


4 45 


49 


12 15 


90 


1 20 


50 


3 


20 


260 


17 20 


20 


300 


20 


5 


50 


12 30 


sT 


1 24 


51 


r 


"24 


270 


18 


21 


315 


21 


5 15 


51 


12 45 


22 


128 


52 


3 


28 


280 


18 40122 


330 


22 


5 30 


52 


13 


23 


1 32 


53 


3 


32 


290 


19 20 23 


345 


23 


5 45 


53 


13 15 


24 


136 


54 


3 


36 


300 


20 024 


360 


24 


6 


54 


13 30 


25 


140 


55 


3 


40 


310 


20 4025 


375 


25 


6 15 


55 


13 45 


^ 


1 44 


56 


3" 


44 


320 


1212026 


390 


26 


6 30 


56 


14 


27 


148 


57 


3 


48 


330;22 0;27 


405 


27 


6 45 


57 


14 15 


28 


1 52 


58 


3 


52 


340.22 40 28 


420 


28 


7 


58 


14 30 


29 


156 


59 


3 


56 


350!23 20.29 


435 


29 


7 15 


59 


14 45 


30 


2 


60 


4 





360 


;24 


^30 


450 


30 


730 


60 


15 









TABLE X. 








TABUS XL 


Showing how many milea make a degree of lon- 


Of the CHraotea be- 


gitude^ in tveiy deigree of latitude. 


tween the Equatof 




and the PoJar Cir- 


t>ii^. 


Geu. 1 EiiiT. ■DuiT.i tSecj. 


Et]^. 


Db^. 


4ieo. 


Enif. 


cles, 


uE 


Mllc^. 


MHea 


Lilt 


Miles. 


MlJefl 
^3 


LaL 
If 


Miiaa 


3S.4rp 




1 


sa.jrj 


efl.06 


31 ' 


G1.43 


^^.09 


iG^r^ifjl 


9 ttf 


a 


mM 


ti9,0J 


aa 


60,68 


5S51 


6^ 


23.17 


3ii,4a 


III 


3 


i>9/jd 


68,97 


33 


50,32 


57. S7 


63 


ii7.34 


31.3J 








mS5 


(JS.^^ 


34 


49.74 


57.2a 


64 


26,30 


m.2t 


P 


D^ 




;vy.77 


msi' 


3^ 


49. 1& 


565^ 


66 


25,36 


29.15 





' 




C&0 


€S.^2 


3G 


*S.&i 


65,ei 


GG 


^.40 


2g0fJ 




<l- m. i b. no. 


d. m. 




m.^ 


68.43 


37 


47.^2 


05.10 


67 


23.45 


26.90 


1 


«;*1>12 30 


834 




6942 


i!i3I 


33 


47,33 


&J.37 


m 


Si.4S 


25.85 


a 


1644 13 011 
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59 3(j 
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39 


4e.63 


53 6:; 


m 


2150 
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3 


'M\2 13 3(1 


7tas 


10 


59.09 


07.*lLi 


4[> 


45% 
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70 
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jaeo 


4 


3043 14(10 


&3S 


11 
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67 J3 


41 
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&a,(I7 


71 


J9a 
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5 
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12 


5dC9 
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42 


u.m 
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n 
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& 
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50 


:^.fi7 


4.L3G 
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U 
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TABLE XII. 

Of the Ciunates between the Polar Circles and the Poles. 



Cll- 



*^ day Is. 



Breadths 

of the 
Cliouttea. 



Cli- 
mates. 



Ends in 
Lat 



Where the 
longest 
day is. 



Breadths 

of the 

Climates. 



96 

2r 



d m. 
67 18 
69 30 
73 6 



d. m. 
30orl. 
60 2. 
90 3. 



d. m. 
46 

2 15 

3 82 



30 



d. m. 
77 40 
82 60 
90 00 



d. m. 
120 or4 
160 6 
180 6 



tf. m. 

4 36 

6 19 

r 1 



9«» 



TABLE XIII. 

Showinf the Latitude and Longitade of some of the prind^al places in 
the United States, &c^ with Uieir Distance from tne dty of Wash- 
ington. 

Hu LongUudta art reckoned from, Greenwith. 

Tlk« Capiiait {eeaU qf Qotemmeni) of the StaUa and Territories are 
designated by Italic letter s. 



Albany (GapitolX 
AlezBJidria, . 
AnnapoUSf 
Auburn, 
Augustii, 



N. T. 
P C 

W.L 
K. V. 

Me. 
51 ! 
Wi-. 

]^. \ 

i^. (.■ 

Jt I 

^\ V, 

>. \ 



Latitude 
Nortli. 



Longitude, West, 
in degrees, in time. 



Aurusla (State HouseX 
Baltiutore (Battle Monument), 
Bangor (Court House), . 
Barnstable (Okl Court House), 
Batavia, .... 

Beaufort, 

Boston (State UonaiB), . 
Bristol (Hotel), .... 
Brooklyn (Navy Yard)i 
Brunswick (College), 
Buffalo, . . . I . 
Cambridge (Harvard Hall), . 

Camden, . . . . r i 

Canandaigua, . . «. . N V 

Ca|>e Cod (Light-Honse), . X • 

Charleston ((Jollege), . . >*'. 

Charleslown v.Navy Yard), . ^^^ 

Cincinnati, . . ', , ("-i--. 

.Colum/nOt • • • • ^ * 

Vulunibusy . . . . <ki,... 

Concord (State House), . Nil 

Bedham (Court Housed . . M -- 

Detroit. . . , , ]^ii i 

DonaldaoHviUey . . . K< 

Dorchester (Ast Observatory), M.^ - 

DovtTy .... ])r I 

Dover, N, M 

Easton (Court House) . M J. 

East|x>rt, M-- 

Edenton, . . . . W r 

Exeter, N I! 

rrankfort, . . . . Ky, 

Fredericksbuiy, . . . Va, 

JPrederickton, . . , N J3. 

Frederickstown, . . . M'il 

Georgetown, . . . , B. i: 

Gloucester, .... Mr.---:-- 

Greenfield, .... M[l 4 

Hagerstown, . . . . M,| 

Cv^iax, • . . . N, ^ 



4239 3 

38 49 
30 
42 55 

33 28 
44 18 43 

39 17 13 
44 47 50 

41 42 

42 59 
32 25 

42 21 15 

41 39 58 

40 41 60 

43 53 

42 53 
42 22 15 

34 17 
4i,54 
42 2 16 

32 47 

42 22 
39 6 

33 57 
33 47 

43 12 29 
42 16 
42 24 
30 3 

42 19 
39 10 

43 13 
3d 46 10 

44 54 
36 
42 58 
38 14 

38 34 
46 3 

39 24 
33 21 
12 36 
12 37 
39 37 
14 39 20 



o ' /' 

73 44 49 

77 4 
76 43 
76 28 
81 54 

69 50 

76 37 50 

68 47 

70 16 

78 13 
80 41 

71 4 9 
71 19 
73 59 30 

69 55 J 

78 55 

71 7 25 
80 30 

77 17 

70 4 

80 52 

71 3 33 
84 22 

81 7 

83 3 
71 29 
71 11 

82 58 
91 2 

71 4 15 

75 30 
70 54 

76 8 
66 56 

77 7 : 
70 55 

84 40 
77 3S 
66 45 
77 18 

79 17 
70 40 

72 36 
77 35 
63 36 40 



h.m. 

4 54 59.3 
8 16 

5 6 52 
5 5 52 
5 27 36 
439 20 
5 6 31.3 
4 35 8 

4 41 4 

5 12 52 
5 22 44 

4 44 16.6 
4 45 36 
4 55 58 

4 39 40.1 

5 15 40 

4 44 29.7 

5 22 12 
5 9 8 
4 40 16 

20 3.5 

4 44 14.2 

5 37 28 
5 24 28 
5 32 12 
4 45 56 

4 44 44 

5 31 52 

6 4 8 

4 44 17 

5 2 
4 43 36 

432 
4 27 44 
528 28 

4 43 40 

5 38 40 

6 10 32 
427 

9 12 
5 17 8 

4 42 40 
450 21 

5 10 20 
4 14 27 



Dist from 
Wash'n. 



miles. 

376 

6 

37 
339 
580 
695 

38 
661 
466 
370 
629 
432 
409 
227 
568 
376 
431 
467 
336 
507 
514 
433 
497 
600 
396 
474 
422 
526 
1278 
432 
114 
490 

80 
778 
2S4 
474 
551 

56 

43 
482 

462 



996 



TABLE XIII.— Gontinned. 







Latitude 


Longitude, WeflC, 


Bist from 






North. 


in degrees. 


in time. 


Wash'n. 


, 


Of// 


O ' /' 


h.m. 8. 


miles. 


HaUowell, 


Me. 


44 17 


69 50 


4 39 30 


693 


Harriaburg\ 


• • • 


Pa. 


40 16 


76 50 


5 720 


110 


Hartfordt . 


• • • • 


Conn. 


1146 


72 50 


4 51 20 


335 


Hudson, . 
Huntsville, 


• • • 


N.Y. 


42 14 


73 46 


466 4 


345 


> • • • 


Ala. 


34 36 


86 57 


6 47 48 


726 


JndianapoltBf 


• • • 


Ind. 


39 55 


86 6 


6 44 20 


673 


Jackson, . 


• •• • 


M'pi. 


32 23 


90 8 


6 032 


1086 


Jefferson, 




wk 


38 36 


92 8 


6 8 32 


980 


Kennebunk, 


> • • . 


Me. 


43 25 


70 32 


4 42 8 


518 


Kingston, 


• • . 


U.C. 


44 8 


76 40 


5 6 40 


466 


Knoxville, 


• • . 


Tenn. 


35 59 


83 54 


535 36 


516 


Lancaster, . 


• k • 


Pa. 


40 236 


76 20 33 


5 5 22.2 


109 


Lexington, 


• . • 


Ky. 


38 6 


84 18 


5 37 12 


534 


Little Rock, 


• * • 


Ark. 


34 40 


92 12 


6 848 


1068 


Lockport, . 


• . • 


N.Y. 


43 11 


78 46 


5 15 4 


403 


Louisville, 


... 


Mass. 


38 3 


85 30 


542 


590 


Lowell (Sl Ann 


'8 Church), . 


42 38 45 


71 18 45 


4 45 15 


439 


Lynchburgh, 


• • • 


Va. 


37 36 


79 22 


5 17 28 


198 


Marbiehead, 


• • » 


Mass. 


42 28 


70 57 


4 43 48 


441 


... 


Mass. 


42 30 


70 52 


4 43 28 


450 


Middletown, . 


• • . 


Conn. 


41 34 


72 39 


4 60 36 


325 


MiUedgetiUe, 




Ga. 


33 7 


83 20 


533 20 


643 


Mobile; . . 


• . 


Ala. 


30 40 


88 11 


552 44 


1033 


Montpelier^ . . . - . 
Monomov Point Light, . 


Vt. 


44 17 


72 36 


4 50 24 


624 


Mass. 


41 32 58 


70 1 31 


4 40 6.1 


600 


L.C. 


45 31 


73 35 


4 54 20 


601 


Nantucket (TownHaU), . * . 


Mass. 


41 16 32 


70 7 42 


4 40 30.8 


600 


Nashville, .... 


Tenn. 


36 930 


86 49 3 


5 47 16.2 


714 


Natchez (Castle), . 


M'pi. 


31 34 


91 5^42 


6 5 38.8 


1146 


Newark, .... 


N.J. 


40 45 


74 10 


4 56 40 


215 


New Bedford (Mariners' Ch.), 


Mass. 


4138 7 


70 56 


4 43 44 


429 


Newbern, .... 
Newburgh, .... 


N. C. 


3520 , 


77 5 


5 820 


837 


N.Y. 


4131 


74 1 


4 56 4 


282 


Newburyport (2d Pres. Ch.), 
Newcastle, .... 




42 48 29 


70 52 


4 43 28 


466 


Del. 


39 40 


75 33 


5 2 8 


103 


New Haven (College), . 


Conn. 


41 17 58 


72 57 46 


4 51 51.1 


Wt 


New London, .... 


Conn. 


41 22 


72 9 


4 48 36 


New Orleans (City), . 


La. 


29 57 45 


90 6 49 


6 27.3 


1203 


Netppott, 


R. I. 


4129 


71 21 14 


4 45 24.9 


403 


New York (City HaU), . . 


N.Y. 


40 42 40 


74 1 8 


4 56 4.5 


226 


Norfolk (Farmer's Bank), 


Va. 


36 50 50 


76 18 47 


5 5 15.1 


217 


Northampton (Mansion House), Mass. 


42 18 55 


72 40 


4 50 40 


376 


Norwich, 


Conn. 


4133 


72 7 


4 48 28 


362 


Pensacola, .... 


Fa. 


30 28 


87 12 


5 48 48 


1050 


Petersburgh, .... 


Va. 


37 13 54 


77 20 


5 920 


144 


Philadelphia (Independence H 


),Pa. 


39 56 59 


75 10 59 


5 43.9 


136 


Pittsburg^ .... 
Pittsfield, (1st Cong. Church), 


Pa. 


40 32 


30 8 


5 20 32 


223 


Mass. 


42 26 59 


73 17 30 


4 53 10 


380 


Plattsburgh, .... 
Plymouth (Court House)^ . 


N.Y. 
Mass. 


44 42 
41 57 12 


73 26 
70 42 30 


4 53 44 
4 42 60 


639 
439 


Portland (Town HouseX ' 


Me. 


43 39 26 


70 20 30 


4 4122 


642 


Portsmouth (Court Housed 


N.H. 


43 454 


70 45 


443 


491 


Poughkeepsie, 


N.Y. 


4141 


73 65 


455 40 


301 


Princeton, . 


• 


N.J. 


40 22 


74 36 


468 20 


177 



TABLB Xm.-Coiitiniifd. 



Nf^jth. Ja dQgras. In time. 



ProDidena (Old QtaL]^ 

Que Luc ^CsmUoX 
Jtuieigh, . . , 
J^i'cAiTiuiW (Capitol)! ■ 
Itciclicrii(?r (H'r iiouwi 
&ui>io nt'upeV 

601:0, . . ; 

Bpnn^fioki iCoan IlouaoX 

Tkujiiun (tkiujTt HoufleJL 
Turoatu cVorJtl 

Trey, , . . 

Vnlvomry of Vinrinla, 
Udca i UuicU CtiiircH 

Veviiy, t * , » 

WAf^nXNWTOTi, CCipltDl}j 
WBiitiinjiiloii, 

WiIl]|l|lirtOi|lj 

fai% « * 4 . 



L.C. 

N. C 
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